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Introduction and objectives 
This report provides a record of the activities carried out by the South Yarding Focus 
Support Team and Catchment Group.  It covers the results of investigations and 
summarises the group’s catchment plan based on the best available information on soils, 
groundwater hydrology, surface water control, alternative crops and pastures and 
revegetation options.   
Catchment overview 
The South Yarding catchment has 16 landholders.  The group has been active since 1996, 
and prior to selection as a focus catchment in 1998 had completed farm planning.  The 
Focus Catchment process commenced in February 1999. 
South Yarding is approximately 25 km south-west of Bruce Rock and 30 km north of 
Corrigin in the Bruce Rock Shire.  It is bounded by latitudes 31°50’S and 32°10’S and 
longitudes 117°50’ and 118°05’E.  It occupies 29,151 hectares, bounded to the west by the 
Lockwood Gully catchment, to the south by the Bilbarin catchment and to the east by 
several very small catchments draining into the lake system that extends north from Lake 
Kurrenkutten.  Two small drainage lines, to the west and east, have been included in the 
analysis.  Farmers owning land in these areas were already part of the main South Yarding 
group.   
The mean annual rainfall in Bruce Rock is 334 mm, with 232 mm falling in the growing 
season between May and October.  The five-year average is 303.9 mm (range 266 to 330), 
with growing season rainfall of 241 mm (range 214 to 276). 
Since clearing, salinity has increased around lakes in the lower catchment. No salinity is 
evident in the mid-catchment, however groundwater levels vary from 3-6 m in the low-lying 
sections of South Yarding Creek.  Seepage salinity from shallow bedrock and around 
dolerite dykes is a problem in the upper catchment, although confined to the creek and 
drainage lines.  Large areas of waterlogging are a problem in the lower and mid-catchment 
around depressions and drainage lines.  Preferred pathway recharge from waterlogged 
areas is likely to be high due to the predominance of medium to fine textured soils. 
The members of the catchment group are:  
Don Anderson (Curnow farm) Tony Crooks 
Allan Barber Don Heasman 
Phil Bolt Shane Hunter 
Murray Boyd Bob Jacobs 
Chris Butler Peter Negri 
Lindsay Butler  Brian Reed 
Rob Comley Eric Smith 
Stephen Crooks Stephen Strange 
Lockhart Focus Support Team objectives 
The main aims of the support team were to:  
• assist viable self-directed groups to develop effective catchment strategies that reduce 
the rate of land degradation through waterlogging and salinity; 
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? provide focus catchment group members with the knowledge and skills that enable them 
to understand the impact of their farming activities on the catchment and to make 
decisions for implementing better land management practices on their land. 
These objectives were consistent with major group aims (from individual interest survey) to 
improve:  
• Conservation tillage 
• Stubble management 
• Surface water control 
• Business planning 
• Family communications. 
These issues were not specifically addressed during the focus catchment process, as 
members were receiving information from other sources.  Main activities were: 
1. Coordination of meetings to develop an understanding of the catchment and 
group members, and for both parties to clarify purpose and activities 
2. Field days  
3. Development of a soils map from existing farm maps 
4. Hydrology and surface water were investigated from available information, bore data 
and on-farm visits; 11 piezometers were drilled and monitored for groundwater level; 
salinity has been monitored in bores SY5, SY6, SY7 and SY9 
5. Farm and catchment strategies were developed at two planning meetings and 
accompanying farm visits. 
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Results of investigations 
Soils 
The soils were classified into six land management units: acid sands, sandplain, gravels, 
duplex, heavy soils and dyke-associated soils.  The percentages of these types in the 
catchment are shown in Table 1.  More detailed descriptions are included in Appendix 4.  
Table 1: Land management units of the South Yarding catchment 
Soil type % Soil type % 
Acid sand 2.1 Sandplain 12.2 
Gravel 4.6 Heavy soil 30.1 
Duplex 50.2 Dyke-associated 0.8 
 
 
Figure 1: Soil map of South Yarding catchment 
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A recharge potential map was developed using the soils, further aerial photo interpretation, 
satellite imagery and ground-truthing (Figure 2).  How the recharge units relate to soil types 
(land units) is explained in Table 2. 
Uniform, coarse textured soils have a high to very high recharge potential. Water movement 
through deep sands and gravels is rapid due to low water-holding capacity.  Deep loamy 
sands or loamy gravels have high recharge potential, but hold water longer than uniform 
coarse sands or gravels. This even downward movement of water is called matrix recharge.  
Table 2:  Recharge units and soil types  
Recharge Potential Land Units
Deep sands and gravels
mixed breakaway/gravelly sands
acid wodjil
mid and lower slope deep sandy
duplex
deep sands in waterways
sandplain seeps
deep loamy duplex soils
(over 10cms/4inches sand over clay)
shallow duplex (less than 10cms sand
over clay) and clay soils which are
subject to waterlogging/ flooding.
Shallow sand and gravels subject to
waterlogging
shallow duplex and clay soils
red loams, morrell soils
Salt lakes and secondary salinity
VERY HIGH
HIGH
MEDIUM
MEDIUM
LOW
SALINE
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Figure 2:  Range of recharge potential across the catchment 
Texture contrast soils such as sandy or loamy duplexes have low water-holding capacity in 
the topsoil and high capacity in the subsoil, resulting in a medium recharge potential.  The 
predominant mechanism of recharge in these soils is preferred pathway (i.e. saturated water 
flow through cracks, pores or old root channels).  After water has moved through the topsoil it 
will perch on top of the subsoil and may move horizontally until it reaches a crack. 
Medium to fine-textured soils such as loams and clays have medium to high soil water 
storage and low recharge potential.  Where waterlogging or ponding occurs, recharge may 
be higher than expected due to long periods of saturation and decreased water use due to 
loss of plant vigour.  Large episodic rainfall events can also increase recharge through 
surface ponding and waterlogging. 
Figure 3 is a diagrammatic cross-section of a wheatbelt catchment showing where and how 
recharge occurs. Matrix recharge is generally confined to deep granite sands around rock 
outcrops and deep sands and gravels of the catchment uplands.  
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Preferred pathway recharge occurs beneath sandplain seeps of the upper and mid-
catchment, along quartz dykes, beneath duplex soils and flood-prone valley soils. This is 
seasonal in nature during winter ponding or waterlogging or during large summer rainfall 
events when plant water use is minimal. 
 
Figure 3: Diagrammatic cross-section of a wheatbelt valley 
Groundwater drilling 
A drilling program was used to investigate profile strata and establish piezometers for 
community groundwater monitoring. Twelve sites were drilled, 10 of them cased.  
SY1i was located where South Yarding Creek meets Yarding South Road on the Negri 
property. It was drilled into mid-upper slope alluvial sediments (5 m thick) and through pallid 
clay, to salt water. The hole was cased to 15.6 m. A shallow piezometer to 5.9 m (SY1s) was 
installed beside SY1i on what appeared to be a perched watertable on silcrete.  
SY2 was along the South Yarding Creek, downstream from the major salt scald on Boyd’s 
property. This piezometer was drilled near creekbed conglomerates into pale heavy clays, moist 
from 8 m.  Salt water and rock grits were present at 19 m. 
SY3 was above a dyke influencing the main stream salinity on Boyd’s property. Drilling was 
through mafic soil and weathered grits to gneissic bedrock at 5 m. 
SY4 was on the Negri upper catchment land, downslope of shallow rock and saline hillside 
seepage. This hole was drilled through 1.5 m of alluvial sediment and 10.6 m of pallid clay, 
with 2-3 mm of quartz particles in the bottom 3 m. 
SY5, along Ardath Road at the South Yarding Creek was drilled to 58 m and cased to 31.5 
m. This hole went through 35 m of variable alluvial strata before reaching the pale talcy clays 
of the pallid zone. The alluvial materials varied from coarse grey, pink and red sands through 
to heavy brown, orange and pink clays. Ironstone fragments, eroded from lateritic uplands, 
were found in the 10-11 m and the 22-26 m segments of the log. Grey-green and grey-blue 
clays were present in the 18-20 m and 44-47 m segments, indicating prolonged periods of 
waterlogging. The hole was only cased to 31.5 m because of puggy clays collapsing in the 
hole. 
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SY6, along Erikin South Road south-east of Wallaby Rock, was drilled to 9 m. This hole was 
drilled through 2 m of alluvial clays, followed by 4 m of alternating alluvial sands and clays. 
Angular granite fragments were present in the 8-9 m segment. Moisture was noted between 
6 and 7 m. 
SY7 located along Strachan Road at the South Yarding Creek was drilled to a silcrete 
hardpan at 8.3 m. further siliceous hardpans of 10-20 cm thickness were found at 5 m, 5.3 m 
and 6.8 m. Pink to maroon alluvial sands sat above and below these hardpans. The top 3 m 
of the hole was alluvial clay, varying from pink to grey-brown. 
SY8 was located downslope from Butler’s house on the Ardath-Yarding Road. The hole was 
drilled through 3 m of alluvial sand and clay, 3 m of mottled zone and 11 m of pallid zone. 
Moisture was evident at 8-9 m. 
SY9, located on Eric Smith’s place, was drilled to pink granitoid saprolite at 17 m. The profile 
contained a shallow colluvial topsoil over thick duricrust to 7.6 m, shallow zone of mottling 
(40 cm) then pallid clay to 15 m.  
SY10, in the sandplain along Ardath Rd at the Barber’s property, was drilled to 27 m where 
the drilling was abandoned and the hole left uncased. The hole contained 2-3 m of yellow 
loamy sand and 6 m of pale sandy clay over pallid clay. No water was present in this hole. 
SY11 was drilled on Barber’s property in a mid-slope duplex soil to 21 m. The log indicated a 
typical weathered granite profile, with 2 m of alluvial/colluvial sediments over 4 m of mottled 
clays and 14 m of pallid zone. Mica rich sandy grits were found at 20-21 m. 
A further hole was drilled, but not named or cased at Wulyaling Reserve near a fresh water 
seep. Gneissic bedrock was reached at 6 m. No water was present. It is likely the seep is 
from granite rock in the creek and is not very extensive. 
Full drill logs may be seen in Appendix 6. 
Groundwater levels and salinity 
Following drilling, groundwater levels were measured.  Eric Smith and Jeanette Buegge 
measured piezometers SY5, SY6, SY7 and SY9. Table 3 shows the initial sampling results. 
Table 3. Piezometer sampling results 
Piezometer  Depth to water level 
(m) 
Electrical Conductivity 
(mS/m) 
SY1I 
SY1s 
3.20 
2.65 
 
SY2 3.10  
SY3 4.40  
SY4 6.85  
SY5 6.19 5160 
SY6 6.05 360 
SY7 4.40 1510 
SY8 11.13  
SY9 7.70 1280 
SY11 13.38  
In the year after the piezometers were installed, Eric Smith monitored water levels in SY5, 
SY6, SY7 and SY9.  Figure 4 shows the hydrographs for these four piezometers. 
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Figure 4: Hydrographs for piezometers SY5 to SY9 
No signs of salinity were evident around SY1, although groundwater is relatively shallow. 
There is a medium to high risk in this part of the creek due to the large number of upper 
catchment dykes.  A large dyke crosses the creek further downstream in the Jacobs 
property. The upper catchment is divided by dolerite dykes and thus behaves as a mini-
catchment with a high risk of further salinisation as water and salts cannot readily move 
downslope.  Piezometers SY2, SY3 and SY4 are likely to have very seasonally variable 
groundwater levels due to the shallow depth to bedrock and proximity to dykes.  Between 
February and July 1999 SY2, SY3 and SY4 rose 0.6 m, 3.5 m and 2.0 m respectively.  
SY5 and SY7, in mid and lower slope positions of South Yarding Creek, had similar water 
levels, but very different salinity. At SY7, groundwater averaging 1500 mS/m was perched 
on a silcrete layer. This layer is confining deeper, more saline water.  By contrast, there is 
no silcrete layer at SY5.  Coarse-grained sediment lenses confined between alluvial clays 
are likely to have high salt concentrations. This is illustrated in Figure 5. 
A significant salinity risk exists through the South Yarding valley floor from the Lake system 
to SY5. 
SY6 was drilled onto shallow granite.  EC varies between 320 and 390 mS/m and is suitable 
for domestic (non-human) watering.  If this relatively fresh watertable rises it is not likely to 
cause salinity, but if more appropriate use can be made of fresh water, then watertable rise 
in the lower catchment may be reduced.  SY5, SY6 and SY7 rose significantly with large 
episodic rains in January 2000.  The full groundwater response in these holes was delayed 
by a couple of weeks.  
SY8 appears to have a long response time to events.  No conclusions can be made about 
groundwater trends at this site given the small measurement period.  
SY9 rose 20 cm after the January 2000 rains. No trend is yet obvious from groundwater 
readings from this piezometer.  Salinity levels varied from good stock water (680 mS/m) to 
poor stock water (1,840 mS/m). 
Hydrographs SY5, SY6, SY7 and SY9
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Figure 5: Salt concentrations in a groundwater discharge area 
Salinisation  
Visible signs of land salinisation have been found on eight of 16 farms. The area affected is 
currently small. 
Severe salinisation is only evident in the palaeodrainage system. These areas are saturated 
with saline groundwater at or near the surface. They are salt-scalded and groundwater 
salinity exceeds 6000 mS/m. 
Moderate salinisation is evident surrounding severe salinisation in the lower catchment, and 
where dykes have formed groundwater barriers in the upper catchment. The watertable in 
these areas is likely to be within 5 m of the surface, varying seasonally.  Some trees have 
died in moderately saline areas, leaving only salt-tolerant shrubs including saltbush, 
samphire and some melaleucas. 
Reduced production is occurring in the lower catchment bordering areas of moderate 
salinisation. The watertable in these areas is likely to be between 5 and 7 m.  Surface 
inundation and waterlogging may be a compounding problem. 
Rates of groundwater rise cannot be determined, as piezometers have only been installed 
for one year.  Rates have been determined for other 300 mm rainfall catchments in the 
wheatbelt at approximately 10 cm per year on the valley floor and 25-30 cm per year on the 
slopes.  Figure 6 shows an example of a hydrograph of a valley and a hillside bore east of 
Merredin.  Watertable rise in this case was related to episodic flood events in the valley floor 
during May and October 1989. 
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Figure 6: Groundwater levels in a catchment showing response to two major storms in May 
and October 1989 
Surface water hydrology 
Surface water management can play a significant role in reducing waterlogging and salinity. 
An appropriate surface water management plan can reduce the extent of flooding and 
waterlogging by: 
? Reducing the total amount of run-off. 
? Reducing the peak flow. The peak flow is a measure of water flow rate when the flood is 
at its maximum, and is the best indicator of the potential for flooding from a rainfall 
event. 
? Assisting to remove water from flooded or waterlogged areas. 
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Current strategies 
Catchment Plan  
The Catchment Plan suggests actions relating to reducing recharge, enhancing discharge, 
remnant vegetation protection and revegetation.  There are plans to include grade banks 
over much of the upper and mid-catchment to reduce run-off and flood effects.  Some of 
these banks will discharge into dams for stock water, and others lead to safe disposal sites 
in the creekline.   
Many banks will have trees planted downslope, and where banks are already in place, the 
aim is to plant trees below the banks at the start of the next cropping phase.  On some 
upper catchment areas, windbreaks have been planned to reduce the effects of wind 
erosion and reduce recharge.  Many areas of remnant vegetation will be fenced off to 
protect them from stock.   
In the lower catchment, drainage lines are going to be defined, and W-drains put in place to 
reduce the effects of waterlogging and inundation.   
There are several sites where high water use pastures such as lucerne, tall wheat grass 
and balansa clover are being planted, as well as summer cropping of forage sorghum. 
The detail can be seen from catchment maps. The plan is necessarily flexible, and will 
evolve as the catchment changes (ideals of farmers, land use, physical attributes, etc.).   
Possible future changes are revegetation on the major drainage line to use the water that 
sits there for extended periods, and more upper catchment revegetation.  
Implications of plan 
This plan should have the following effects: 
• reduced flooding 
• slight reduction in recharge to the groundwater 
• reduced soil erosion 
• drought proofing 
• biodiversity enhancement. 
Recommendations  
Based on the hydrological investigation, the following recommendations were made: 
• Bores should be monitored at least four times a year to obtain maximum information on 
seasonal trends. 
• Drainage lines need to be revegetated and fenced. 
• Sandplain seep control is already being carried out in some parts of the catchment. 
Small seepages which farmers do not intend to control with revegetation should be 
fenced to prevent further damage from stock trampling. 
• Banks should include vegetation lines to use more water on the slopes. 
Reducing recharge 
The following section provides information on relative costs and benefits to aid in decision 
making.  Figure 7 summarises components that must be considered. 
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All of the catchment is contributing to recharge. The recharge potential map (Figure 2) 
indicates recharge, and areas for each of the recharge units may be seen in Table 4. 
It is not possible to accurately gauge the influence of flooding.  Although the valley soils are 
mostly shown as having a medium to low potential, action on this area is very important due 
to the high risk of salinity and very low slope which enhance on-site recharge. 
MANAGING COMPONENTS OF
RECHARGE
RIDGES AND SLOPES VALLEY FLOORS
Direct recharge
(matrix flow)
Rock
Outcrops
Preferred  flow
recharge
Runoffto
valleys
Flooding/
waterlogging
Direct
recharge
Duplex Subsoil
Flow
Dykes, shear zones
Bedrock highs
Slope/soil change
zone
Water harvesting
Strategicreveg Graded interceptorsAlleys
Trees below banks
Strategic revegetation
Relief wells
Runoff
Banks
Dams
Tillage
Soil
management
Flooding/
Water-
logging
Drainage
Raised beds
Soils
PERENNIALS
Lucerne
Crop and pasture
Agronomy
Tree alleys
Summer crops on
waterlogged areas
Soils and
Sediments
PERENNIALS
Lucerne
Crop and pasture
Agronomy
Tree alleys
Summer crops on
waterlogged areas
Salt land agronomy
 
Figure 7: Factors that contribute to recharge 
Table 4. Area of catchment and recharge potential units 
Recharge potential Area (ha) % 
Very high 2,895 13.2 
High 620 2.8 
Medium 10,017 45.6 
Low 4,591 20.9 
Waterlogged 2,491 11.3 
Saline discharge 1,348 6.1 
TOTAL 21,961 100 
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Strategies for reducing direct recharge 
Matrix recharge through soils 
Poor water use by annual crops and pastures is the major factor contributing to salinity.  
Achieving lower recharge involves utilising rainfall all year round and not just through the 
winter crop-growing period.  Figure 8 shows how annual crops and pastures fail to use 
rainfall throughout the year.  Annual crops and pastures do not start using significant 
quantities of water until about four weeks after emergence.  Unfortunately by this time, 
enough groundwater recharge has occurred to keep watertables rising.  Areas to consider 
for strategic revegetation are shown in Figure 9. 
 
Figure 8: Annual comparison of crop water use and rainfall 
Lucerne 
Best bet option 4 year lucerne/4 year phase cropping system. Any soil that has pH greater than 
4.8–5.0Ca and does not waterlog. Good insect and weed control required. Liming 
may be necessary. 
Effectiveness Can reduce recharge under the area planted to lucerne by up to 40% or more. 
Deep root system extracts soil moisture and being perennial, out-of-season 
rainfall is used instead of recharging groundwater.  
Cost Approximately $130/ha inclusive of machinery costs excluding liming. 
Other benefits Nitrogen fixing, increased soil organic matter, disease break, weed control, year-
round green feed. Land can be re-cropped whereas tree plantings are 
’permanent’. Farm liming program can be incorporated. 
More information Appendix 2, or WA Lucerne Growers on (08) 9821 3333. Farmnote 4/98 
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Tree alleys 
Best bet option At least four rows of trees planted across the slope on the soils with the greatest 
recharge potential. 
Effectiveness On soils with watertables greater than 5 m deep, or saline/waterlogged situations, 
almost complete reduction of recharge within 10 to 30 m of the row. 
Where watertables are less than 5000 mg/L salinity and within 5 m of the surface, 
benefit is greatly increased as the trees can reduce the watertable 
Trees are more benefit below existing banks as they will use water seeping down 
and the productivity reduction associated with the shallow roots will only affect a 
smaller area of the paddock. 
Alleys allow for vegetation to be dispersed over large areas of the catchment, 
which generally use more water than dense blocks of trees over small areas. 
Cost Approximately $250/km of row (does not include fencing costs). Direct seeding 
costs about $500/ha. 
Some competition effects of alleys with inter-row crops and pastures can be 
expected. Ripping along alley edges every few years can reduce yield loss, 
however also reduces the effectiveness for reducing recharge in the inter-row. 
Other benefits Possible opportunity for future oil mallee industry. 
More information Appendix 1 contains tree species recommendations. Oil mallee information kit. 
Summer cropping 
Best bet option Forage sorghum and millet. Grain sorghum is possible, however, grain production 
requires suitable summer rainfall to ensure yields. 
Effectiveness Dries out the soil profile over summer and uses any incidental summer rainfall. 
Reduces recharge in areas prone to winter waterlogging or where fresh seepage 
occurs. Can bring a waterlogged section of a paddock back into production by 
using stored soil moisture over summer. 
Cost Approximately $90-140/ha 
Other benefits Income from summer production. 
Weed control opportunity when killing summer crop (requires knockdown 
herbicide otherwise continues to grow). Winter crop may not require herbicide. 
Disease break. 
More information Contact your nearest High Water Use/Low Recharge Development Officer 
Paramount Seeds, Esperance. 
Rock outcrops 
Although occupying only a minor proportion of ridges and slopes, the fractured nature of the 
rocks and the limited run-off from them, indicate that these outcrops contribute to recharge 
in most years, several times greater than an equivalent area of sandy soil. This is primarily 
due to the coarse gritty sands around the rock outcrops. The sands allow recharge directly 
into the groundwater system. 
Water harvesting via rock walls 
Best bet option Harvest water before it leaves rock 
Effectiveness Depends on water storage capacity 
Cost Depends on water storage capacity 
Other benefits Opportunity for intensive livestock, irrigation, aquaculture, bottling 
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Strategic revegetation around rocks 
Best bet option At least 4 rows of trees planted at the base of the rock where there is sufficient 
soil depth for tree survival, and in waterways leading from the rock. 
Effectiveness Not known, but expected to greatly reduce recharge in most years. 
Cost About $250/km of row (does not include fencing). Cost of direct seeding is 
approximately $500/ha. 
Other benefits Possible opportunity for future oil mallee industry. As this is a water-gaining site, 
there may be opportunity for other perennial options like grapes, nuts, olives etc. 
Detailed site and industry viability factors would need to be investigated. 
More information Appendix 1 contains information on suitable species 
 
 
Figure 9:  Strategic revegetation map 
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Strategies for reducing preferred flow 
Duplex subsoil flow on slopes 
This is particularly applicable on sandy duplex soils where topsoil is up to 40 cm deep. 
Reverse-bank seepage interceptor drains 
Best bet option Seepage interceptor banks preferably draining water into the dams (if water is 
fresh) or disposing it safely into the nearby creekline. 
Effectiveness Seepage interceptor drains reduce waterlogging and improve cereal yields 
where salinity is either not a problem or only mild. The research has shown that, 
on average, an effective interceptor can dry a strip 50 m wide downslope. 
Improved grain yields, averaging 1000 kg/ha, have been measured in the 
drained strip. 
Cost Depends upon sandy layer depth and seepage interceptor drain’s design (width, 
depth and grade). May range from $800-1500/km. 
Other benefits May provide additional run-off into dams as a water resource. 
More information Farmnote 70/89 
Dykes, shear zones, bedrock highs, soil/slope change zones 
These areas often accumulate water due to landscape and geological features/ 
deformations.  Faulting and associated intrusion events (quartz and pegmatite veins/dolerite 
dykes) result in porous areas that can allow massive quantities of water to flow along them. 
In addition, groundwater may accumulate at shallow depths (few metres below the surface) 
and allow for better tree survival and water use. Such areas are termed ‘strategic 
revegetation sites’ and shown as suggestions for exploration in Figure 9. 
It is critical that trees be planted in areas that do not have very saline groundwater 
(>1000 mS/m), or over very shallow rock that restricts root development. The best locations 
have less than 3 m to the watertable and at least 5 m to bedrock/impermeable clay. 
Strategies to reduce waterlogging/recharge from run-off to valleys 
Strategic earthworks should reduce flood risk, inundation, waterlogging and minimise land 
degradation. High water use plants need to be used in all recharge areas. This may include 
pastures for livestock grazing or productive tree crops.  
Strategies to reduce waterlogging and recharge on valley floors 
Shallow drainage 
Best bet option Spoon and W-drains 
Effectiveness Most flat valleys have a random pattern of shallow depressions, which do not 
drain to a defined creek channel. Rainfall and floodwater accumulate in these 
depressions. Surface drains are most effective where poor infiltration of water is 
the main cause of waterlogging. If the watertable is close to the surface, 
waterlogging will still occur even if surface waters are drained. 
Cost Depends on design $600-1000/km. 
Other benefits Reduced waterlogging and increased production. 
More information Farmnote 120/84 
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Raised beds 
Best bet option Raised beds allow rapid drainage of waterlogged soils and aeration for plant 
roots. Furrows drain away excess water and this can be stored for stock. 
Effectiveness Reduces recharge caused by waterlogging/flooding to an almost negligible 
quantity on heavy soils when furrow water is harvested. Uses winter 
waterlogged land that would otherwise not grow crop.  Some potential for saline 
land. 
Cost Depends on area. With the right machinery farmers can form their own raised 
beds for $80/ha. 
Other benefits Prevent waterlogging by draining excess surface and soil water and aerating the 
root zone of plants. Possible yield increases of 10–20%. 
Increase water-holding capacity of root zones and plant-available water. 
Raise production from poorly productive and/or highly variable areas. 
Provide opportunity to harvest excess winter water, which would otherwise 
evaporate and recharge groundwater systems. 
Control traffic by using furrows as traffic lanes and drains. 
Assure machinery access in the wettest periods. 
More information Greg Hamilton on (08) 9368 3276 or Derk Bakker, Albany on 9892 8464. 
Waterlogging-tolerant pastures 
Best bet option Puccinellia, tall wheat grass with nutritious annual pastures such as balansa 
clover (also mildly salt-tolerant) for animals. Perennials MUST be a component 
of the system to dry the soil over summer and use summer rainfall. 
Effectiveness Permanent pasture provides ‘year round’ green feed and eases the pressure of 
groundwater rise in the valley flats. Drought-tolerant perennials like puccinellia 
are important if the area dries out over summer. If the area is constantly moist 
even in summer, perennials such as strawberry clover are an option. 
Cost Approximately $80-130/ha 
Other benefits Localised recharge and watertable control. Good grazing management can 
result in stocking rates on saltland being as high as on non-saline land. 
More information See Appendix 2. Farmnotes 79/93, 1/99 
Enhancing discharge 
Saltland pastures 
Best bet option Puccinellia, tall wheat grass, saltbush (e.g. creeping, wavy leaf, old man) with 
annual companion pastures to provide the bulk material for animals e.g. balansa 
clover. Alley layout appears most manageable.  
Effectiveness Using saltbush as perennial ‘water pumps’ can achieve >50 cm drawdown, the 
more palatable perennials for summer feeding, and annual clovers for winter 
feed. This strategy aims to make productive use of saline land, while still 
controlling localised recharge and lowering watertables. 
Cost Approximately $80-130/ha 
Other benefits Localised recharge and watertable control  
Good grazing management can result in stocking rates on saltland being as high 
as on non-saline land. 
More information Appendix 1; Saltland Pastures Association (Inc.), Michael Lloyd on 9871 2041. 
Farmnote 1/99 
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Appendices 
Appendix 1. Trees, shrubs & perennial plants 
The list should be used only as a general guide.  If increasing biodiversity is desired, consult 
CALM. It is important that selection be based on knowledge of vegetation prior to clearing. 
Such information can be obtained from local nurseries. Many trees, shrubs and perennial 
plants were sourced from Revegetation Guide to the Central Wheatbelt by E.C. Lefroy et al.  
Soil type Trees, shrubs & other perennials 
Saline Trees:   Casuarina obesa (salt sheoak) 
E. sargentii (salt river gum) 
E. kondininensis (blackbutt) 
Shrubs: Atriplex amnicola (river saltbush) 
Atriplex paludosa (marsh saltbush 
Halosarcia spp. (samphire) 
Maireana brevifolia (small-leafed bluebush) 
Atriplex nummularia (old man saltbush) 
Atriplex bunburyana (silver saltbush) 
Melaleuca uncinata (broombush) 
Other perennials:  Puccinellia (tolerates waterlogging) 
Tall wheat grass (tolerates waterlogging) 
Saltwater couch (tolerates inundation) 
Clays/Shallow sand over clay Trees:    E. salmonophloia (salmon gum) 
E. salubris (gimlet) 
E. sargentii (salt river gum) 
E. loxophleba subsp. Lissophloia (smooth-barked York gum) 
Shrubs: Acacia hemiteles (tan wattle) 
Acacia colletioides (wait-a-while) 
Acacia merrallii (Merrall’s wattle) 
Cassia nemophila (desert cassia) 
Melaleuca adnata 
Atriplex amnicola (river saltbush) 
Maireana brevifolia (small-leafed bluebush) 
Santalum acuminatum (quandong) 
Other perennials: Lucerne 
Tall wheat grass (tolerates waterlogging) 
Strawberry clover (year-round moisture) 
20–70 cm duplex Trees:    E. sheathiana (ribbon bark gum) 
E. neutra (redwood) 
E. loxophleba subsp. Lissophloia (smooth-barked York gum) 
E. eremophila (tall sand mallee) 
E. erythronema (white barked mallee) 
Acacia acuminata (jam) 
E. argyphea (silver mallet) 
Shrubs:  Acacia hemiteles (tan wattle) 
Melaleuca uncinata (broombush) 
Melaleuca acuminata  
Other perennials: Lucerne 
Tall wheat grass (tolerates waterlogging) 
Strawberry clover (year-round moisture) 
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Loam/Sandy loam over granite Trees: E. loxophleba subsp. lissophloia (smooth-barked York gum) 
Acacia acuminata (jam) 
Allocasuarina huegeliana (rock sheoak) 
Acacia microbotrya (manna gum) 
Shrubs: Kunzea pulchella (granite kunzea) 
Allocasuarina campestris (tamma) 
Melaleuca uncinata (broombush) 
Leptospermum erubescens (tea tree) 
Hakea recurva 
Sandy gravels /Sand over 
gravel 
Trees: Allocasurina acutivalvis (black tamma) 
Allocasurina corniculata (grey tamma) 
Shrubs: Allocasuarina campestris (tamma) 
Melaleuca uncinata (broombush) 
Melaleuca conothamnoides (wheatbelt honeymyrtle) 
Leptospermum erubescens (tea tree) 
Hakea scoparia 
Grevillea paradoxa (bottlebrush grevillea) 
Sands (>70cm over gravel) Trees: Allocasuarina huegeliana (rock sheoak) 
Banksia attenuata (slender banksia) 
E. leptopoda (Tammin mallee) 
Xylomelum angustifolium (sandplain woody pear) 
Acacia acuminata (jam) 
Acacia saligna (golden wreath wattle) 
Shrubs: Callistemon phoeniceus (lesser bottlebrush) 
Allocasuarina campestris (tamma) 
Melaleuca conothamnoides (wheatbelt honeymyrtle) 
Grevillea pritzelii (black toothbrush grevillea) 
Leptospermum erubescens (tea tree) 
Other perennials: Tagasaste 
Veldt grass 
Breakaways Trees: E. astringens (brown mallet) 
E. capillosa (inland wandoo) 
Acacia acuminata (jam) 
Shrubs: Allocasuarina campestris (tamma) 
Melaleuca uncinata (broombush) 
Grevillea huegelii 
Rock outcrop Trees: E. loxophleba subsp. lissophloia (smooth-barked York gum) 
Acacia acuminata (jam) 
Allocasuarina huegeliana (rock sheoak) 
Shrubs: Leptospermum erubescens (tea tree) 
Allocasuarina campestris (tamma) 
Borya nitida (pincushions) 
Grimmea sp. 
Pimelia sp. 
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Major oil mallee site preferences 
(Sourced from Revegetation on Farms Information Kit – Oil Mallees, 1998) 
Oil mallee Site preference 
Eucalyptus angustissima subsp. 
angustissima (narrow-leafed mallee) 
 
Best suited to moisture gaining sites with sand over clay. 
Appears to have a high degree of salt and waterlogging 
tolerance. Probably not suited to waterlogged grey clays. 
Eucalyptus gratiae (large fruited smooth-
barked York gum) 
A good general species very like E. loxophleba subsp. 
lissophloia, growing on sands to duplex soil to heavier 
clays. Some salt tolerance and a degree of waterlogging 
tolerance, but performs better on well-drained sites and 
heavier clay/loam soils. Suited to all areas within the 
present oil mallee program, but targeted closer to its 
home range. 
Eucalyptus horistes A good robust species, growing on reddish sands 
through to heavier loamy clays. Limited salt tolerance, 
good drainage is important. Suited to all areas within the 
present oil mallee program. 
Eucalyptus kochii subsp. kochii  
 
Suited to reddish sands of northern and central 
agricultural areas. Little or no salt or waterlogging 
tolerance. 
Eucalyptus kochii subsp. plenissima  
 
Appears to prefer reddish sandy and sandy loamy soils, 
though in some areas has proven tolerant of heavier 
clays. Little or no salt or waterlogging tolerance. 
Particularly suited to northern wheatbelt, but all areas 
have examples of good plantings. 
Eucalyptus loxophleba subsp. lissophloia 
(smooth-barked York gum) 
A good generalist species, growing on sands to duplex 
soils to heavier clays. Some salt/waterlogging tolerance 
but suited to well-drained sites and heavier clay/loam 
soils. Suited to all oil mallee areas. 
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Appendix 2:  Maximising water use 
Reductions in the rate of groundwater rise in catchments will be achieved by modifying 
farming systems in combination with other techniques (e.g. surface water control). High 
water use farming systems need to be widely adopted if we wish to succeed in the battle 
against dryland salinity in Western Australia. 
Vigorous well used pastures, with high legume content, increase livestock and subsequent 
crop productivity and profitability.  Productive pastures and fodder shrubs contribute to 
improved catchment management by reducing recharge, wind erosion and improving soil 
structure.  Perennial species within these pastures will greatly enhance their economic and 
environmental viability, and should be used to complement annual pastures. 
Annuals 
In rotation, the pasture phase will increase organic matter, improve populations of soil 
fauna and delay the resistance of weeds to herbicides. Increased yields and grain protein 
levels are also experienced in crops following pasture phases. 
Effective grass control can be achieved in the pasture phase, allowing for early seeding 
and preventing the carry over of cereal diseases.  Improving and maintaining pastures 
through spray topping, pasture manipulation and careful management of stock will 
increase their value. Pastures should be managed to ensure that enough ground cover is 
maintained to avoid wind erosion and reduce recharge. 
Serradella – a deep-rooted annual pasture legume able to grow and persist on poor deep 
acid sands. Both hard and soft-seeded varieties are available. Low germination in the first 
year of yellow serradella (Santorini/Charano) is experienced but pink serradella (Cadiz) will 
have good first-year germination. Seed can be harvested with cereal harvester equipment. 
Phase cropping serradella instead of clover ley is an option. 
Biserrula – can be used in mixtures with serradella on sandy soils and on better soils 
where subterranean clover is grown. Biserrula will not tolerate waterlogging at all. It is deep 
rooted and has the ability to remain green long after other traditional pasture species have 
dried off. The variety Casbah (very hard seeded) should be suited to areas with more than 
375 mm annual rainfall. Casbah appears susceptible to blue-green aphids. 
Medics – a productive annual pasture that will grow on a variety of soil types from sandy 
soils to medium clays and from alkaline to moderately acidic soils. Careful selection of 
variety is important with special consideration for pH. Can be grazed heavily continuously 
over winter and regenerates well after cropping for several years because of high levels of 
hard seed. 
Balansa clover (variety Frontier) – a small-seeded clover highly tolerant of clover scorch 
disease but very susceptible as a seedling to red-legged earth mite. It can be grown on soils 
with pHCa greater than 4.5 and tolerates mild to moderate salinity (less than 80 mS/m or 450 
mg/L). Persian clover can be added to the mix because of its waterlogging and salinity 
tolerance. 
Persian clover – a small-seeded annual that can be grown on pH 5.5–8.5. Particularly 
tolerant of waterlogging (similar to balansa) and low levels of salinity, which often occur in 
association with waterlogging. Management is similar to balansa clover. 
Perennials 
Perennial pastures have the capacity to use more water in comparison with annual 
pastures, addressing problems associated with excess water within the catchment.  They 
provide a more even pattern of feed throughout the year, and can be used to reduce weed 
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problems, alleviate soil erosion and decrease acidification rates.  They should not be seen 
as a replacement to annual pastures, but as a complement to them.   
Perennial pastures have different management requirements to annual. They can be 
quickly destroyed by set stocking, persisting best under rotational grazing systems. 
Grazing should only be carried out to control weeds in the first year.  They should not be 
grazed over the first summer, as this does not allow for deep root development.  Heavy 
winter grazing may be needed to keep annual weeds down. 
Lucerne is a deep-rooted, high quality feed perennial legume pasture that is adapted to 
wheatbelt conditions. It is effective in extracting soil moisture over the summer and using up 
rainfall from the late-autumn/early winter. Will grow well on soils that have pH (CaCl2) 
greater than 4.8, well drained (will not stand waterlogging), low salinity levels (less than 
250 mS/m or 1400 mg/L), and low weed burden. Phase cropping of three years lucerne 
followed by two to three years cropping is the ideal way to limit groundwater table rise. 
Good first year establishment is critical. 
Rhodes grass is a deep-rooted perennial that is able to reduce recharge and protect areas 
from wind erosion. It can regenerate by seed and runners, and is controlled by herbicides or 
cultivation. Rhodes grass provides summer and autumn feed. It prefers light to medium soils 
as heavy soils can present establishment problems.  It will not grow well on soils that 
experience prolonged waterlogging. 
Veldt grass – another deep-rooted perennial well suited to sandy soils. It grows 
predominantly through spring, summer and autumn, responding quickly to summer rains 
and applications of nitrogen. It is highly palatable and useful in stabilising drifting sands. It 
can be sown as a mixture with subterranean clover or serradella. Rotational grazing is 
recommended for long-term persistence.  WARNING - Can become a pest in the bush. 
Strawberry clover – a perennial best suited to high rainfall areas or permanently moist 
soils. Has the capacity to grow well in summer waterlogged sites with low saline conditions. 
Winter growth is slow, but it grows vigorously during spring and summer providing moisture 
is available. It is tolerant of clover scorch disease. 
Salt water couch – grows actively during spring and summer. It requires plentiful moisture 
during summer and is best adapted to waterlogged areas and saline seeps that are wet 
during summer. Once established it may be grazed and can control erosion of salty 
seepages and gullies. 
Puccinellia – a winter-active perennial grass for saline and waterlogged areas. It may be 
grown on salt-affected soils that are too wet during winter for saltbush, but too dry in 
summer for salt water couch. Puccinellia requires an annual rainfall of around 350 mm and 
can be sown with tall wheat grass. As a green plant, it has excellent feed quality (high 
protein and digestibility) but should not be grazed during the first year, although stands can 
generally be grazed lightly in the second year. 
Tall wheat grass is less salt-tolerant than puccinellia, growing only where there is vigorous 
barley grass. It is slow to establish and should not be grazed in the first year. It is most 
palatable in January, when it has fresh green shoots and a moist seed head, and is fairly 
bulky. Tolerates waterlogging and moderate salinity. Where surface (0-10 cm) salinity 
exceeds 2,000 mS/m (11,000 mg/l) puccinellia should be planted instead. 
Fodder shrubs 
Shrubs have an important role in the farming system.  They are a valuable source of out-of-
season feed, while providing shelter benefits for livestock, crops and pastures and reducing 
recharge.  It is important to select the correct fodder shrubs for the conditions and to 
manage them according to their requirements. 
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Tagasaste – a woody legume that is well suited to deep sands. Tagasaste can grow to 5 m 
high and survives well in areas with as little as 300 mm annual rainfall. It can be planted in 
‘alleys’ with serradella between and is excellent in minimising recharge in deep sandy soils. 
Provides fodder, windbreak, stock shelter, firebreak protection, and acts as wildlife habitat. 
Good first year establishment is critical.  Will require cutting to keep it within reach of sheep, 
but can be managed by grazing with cattle. 
Acacia saligna – will grow well on a range of soils.  Its deep roots will reduce recharge 
and dense form will reduce wind erosion.  It can be easily established by seedlings or 
direct seeding and can be expected to live for 10-20 years. A. saligna cannot be grazed in 
the year of establishment.  After the first year grazing should be carefully managed to 
avoid ringbarking.  Although A. saligna is high in protein (about 30%), low digestibility and 
high tannin content mean that sheep should not be fed it alone. 
Saltland species – several types are available including old man saltbush (Atriplex 
nummularia), wavy leaf (Atriplex undulata), small-leafed bluebush (Maireana brevifolia) and 
samphire (Halosarcia spp.). Saltbush plantations can be grazed 18 months after 
establishment. Grazing should be in autumn, which allows annual pastures to become 
established. When grazed alone, loss of condition and stock body weight can be expected. 
Diets of saltbush need to be supplemented by companion pastures (e.g. balansa cover) or 
hay and good quality water. 
Trees 
Trees and shrubs can be planted for both land conservation and production.  Trees can 
provide stock shelter, and reduce recharge and wind erosion.  Production of timber, honey 
and alternative tree crops of nuts, wildflowers and essential oils could be considered when 
undertaking a revegetation project. Many are available depending on soil type, rainfall, 
depth to watertable (less than 3 m), water salinity (less than 1000 mS/m or 5000 mg/L). 
Locations require less than 5 m to rock or impermeable clay but enough soil for survival 
(no very shallow rock). Native revegetation, sandplain alley farming, windbreaks, 
shelterbelts and strategic revegetation are major uses. 
Recharge control - Good opportunities are above sandplain seeps; break of slope; behind 
dykes, quartz veins, shear zones (check salinity!); deep sands (tagasaste); sandy recharge 
areas around granite outcrops; acid wodjil soils; perched fresh water aquifers; permeable 
soils; zones of convergence (e.g. along upper slope drainage lines, gullies); below banks; 
and on contours. Local knowledge is important in selection. 
Watertable control - Good opportunities exist along drainage lines: low-lying areas with 
shallow watertables (at least 1.5 m deep and not rising quickly) where salinity is moderate 
(less than 2,000 mS/m or 11,000 mg/L) and soils have sandy surface. Hydraulic conductivity 
at depth is required for effective watertable control. Best results are when soil salinity is less 
than 150 mS/m (825 mg/L) over at least 80% of the area. 
Tree products 
There is potential income from certain species. Rainfall may limit the variety of products, 
although irrigation may (depending on cost and good quality water availability) assist. Time 
between propagating trees and the first harvest income is also an influence. 
Oil mallees – planted as blocks or alleys perform well in most situations, but need 
reasonable depth of soil. Planting densities need to be lowered in free-draining sandy areas. 
The oil (cineole) is an industrial solvent and harvesting, extraction, and marketing is still in 
the development phase. Oil mallees can be harvested every second year from year 3 and 
can provide windbreaks and recharge control. 
Sandalwood – a parasitic tree that requires a host to survive. It is a slow growing (20–100 
years) tree that will grow well in areas with ~350 mm annual rainfall (faster growth with 
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higher rainfall). Sandalwood prefers lighter textured soils derived from granite. It is most 
common on neutral to slightly acid soils (to pH 4.5), but will tolerate alkaline soils. Heavy 
clay soils and waterlogged areas are not suitable. The aromatic oils contained in 
sandalwood heartwood, butt and roots make it a valuable commodity in Asia. 
Melaleuca – broombrush (Melaleuca uncinata) has potential to be a multi-purpose 
revegetation species in catchments. It can be used to produce brushwood fencing and high 
cineole oil. It can be used for lowering saline watertables on the flats, as shelterbelts for 
stock and crop protection, and as wildlife habitat. It can be grown from margins of salt lakes 
to gravely ridges but usually grows in areas with sandy topsoil over clay. Like oil mallees it 
may be necessary to cut the plants to stimulate growth. 
Olives – self-fertile, long-lived, hardy, evergreen trees growing 4–7 m tall with similar 
spread. Olives will grow in rainfall of 450 mm or less, but perform best above 500 mm. 
Irrigation aids establishment and yield. They will not tolerate waterlogging or poorly drained 
soil. Trees tolerate neutral to slightly alkaline soils, with best performance on moderately 
alkaline soils. Olives have a low to moderate salt tolerance. With irrigation, production 
should begin after third year, with a good crop after year 5. Without irrigation, yield will start 
after year 5, with reasonable yield after year 7, although yield will never be as high as 
irrigated olives. 
Cut flowers – flowers and foliage can supplement farm income. Banksias and dryandras, 
the mainstay of the cut flower industry, grow particularly well on free-draining soils and can 
therefore contribute to recharge control. When choosing species, investigate flowering times 
to ensure harvest will not conflict with other farming operations. Also seek advice from 
wholesalers as to current market trends. 
Carob – evergreen tree with height and spread of 9-12 metres. Trees will grow in as little as 
250 mm rainfall but 500 mm is considered necessary to achieve commercial production 
without irrigation. Well drained, neutral to slightly alkaline soils are best suited. If protected 
from grazing they will keep their foliage down to ground level, making excellent windbreaks. 
The foliage is also fire retardant. 
Pistachio nuts – relatively slow growing, small, spreading deciduous tree about 5 to 10 
metres round. Pistachios will grow with as little as 125 mm rainfall, but crop is erratic under 
these conditions.  Soils need to be well drained, and pistachios are tolerant of moderately 
acid to highly alkaline soils. Parrots are a major problem. 
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Appendix 3:  Catchment inventory  
Total area owned by group members:  29,151 ha 
Average farm size: 2,429 ha 
Non-arable land with reduced grazing potential:    7% 
No grazing value: 9.5% 
1997 annual rainfall:    270 mm 
1997 growing season rainfall: 190 mm 
Average rainfall outside growing season: 63 mm 
33.14% of the cropped area of the catchment is rotated year-in year-out cereal crop and 
pasture, by eight farmers. 
7.9% of the cropped area is rotated legume crop-cereal crop, on three farms. 
8.78% of the cropped area is rotated legume-cereal-oilseed-cereal, on three farms. 
16.96% of the cropped area is rotated pasture-legume-cereal on five farms. 
5.44% of the cropped area is rotated pasture-pasture cereal on four farms. 
10.76% of the cropped area is rotated pasture-cereal-legume-cereal by three farmers. 
14% of the cropped area is rotated legume-cereal-cereal on four farms 
Several farmers use more than one rotation on the farm. 
1997 cropping 
Twelve farmers grew wheat on 10,949 ha of land for an average yield of 1.82 t/ha. 
Eight farmers grew barley on 857 ha of land for an average yield of 1.93 t/ha. 
Two farmers grew oats on 37 ha of land for an average yield of 1.51 t/ha. 
Eleven farmers grew lupins on 2691 ha of land for an average yield of 1.06 t/ha. 
Four farmers grew faba beans on 767 ha of land for an average yield of 0.24 t/ha. 
Two farmers grew chickpeas on 264 ha of land for an average yield of 0.31 t/ha. 
Potential yields 
Crop 5 yr target (t/ha) % of target 
achieved 
1997 target 
(t/ha) 
% of target 
achieved 
Wheat 2.4 75 1.9 98 
Barley 2.9 70 2.2 86 
Lupins 1.9 73 1.5 71 
Oats 3.2 41 2.5 61 
Faba beans 1.9 52 1.5 16 
Chickpeas 1.9 26 1.5 21 
Stock 
Sheep: 29,562 head on 11 farms; Average 3.8 DSE per winter-grazed hectare; shorn at 
different times of year depending on farmer and type  
Cattle: Two farmers; 22 cows; 1 bull; 2 heifers; 2 yearlings/steers; 5 calves 
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Seeding practice 
2 farmers work up, work back and then seed, on 443 ha. 
2 farmers tickle, wait and then seed, on 1137 ha. 
8 farmers work up, wait , then seed, on 4,318 ha 
8 farmers direct drill, on 3,024 ha. 
6 farmers use no till, on 6,065 ha. 
On average, the farmers use two seeding methods. 
Management practices 
12 farmers have used lime on 786 ha. 
10 farmers have used gypsum, on 1,417 ha of land 
6,227 ha of land is contour worked by eight farmers. 
120 ha have been deep ripped on three farms. 
30 ha of tagasaste planted by three farmers. 
10 ha of alley farming established on one farm. 
308 ha of saltland planted on five farms. 
Stubble handling 
11 farmers graze stubble. 
7 farmers rake the stubble 
5 farmers cut the stubble short. 
3 farmers spread the straw at harvest. 
3 farmers hot burn. 
5 farmers cold burn the stubble. 
7 farmers use seeding machinery with improved trash handling capabilities. 
Water control works 
11 farmers have grade banks in place for a total of 278 km. 
4 farmers have 79 km of grassed waterways. 
6 farmers have 23.2 km of WISALT banks.   
5 farmers have 24 km of level banks 
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Appendix 4:  Soil survey  
The soil survey was carried out by digitising individual farmers’ maps. Soils were classified 
into six land management units.  
Table 5:  Soil types and descriptions 
Land Management Unit  Description 
1. Acid sands Pale yellow loamy sand grading to light sandy clay loam at 1 m.  Gently 
sloping to gently undulating plateau or uplands.  Chief soils are pale 
earthy sands which increase in acidity with depth. 
2. Sandplain Gradational profile of sand through loam at depth.  Occurs in gently 
undulating plateau areas or uplands with long and very gentle slopes and 
abrupt erosional scarps.  May contain some ironstone gravel at depth. 
3. Gravels Yellowish brown loamy sand over ironstone gravel in yellow loamy sand 
matrix.  Gravelly sand occurs high in the landscape on gently undulating 
uplands in association with yellow earths and acid sands, and 
occasionally as isolated gravelly rises. 
4. Duplexes a) Sodic shallow duplex – coarse loamy sand over clay at 30 cm.  Occurs 
in mid to lower slope. 
b) Gravelly duplex – fine sandy loams grading to sandy gravel over sandy 
loam at 50–60 cm.  Generally on uplands. 
c) Fresh rocky gradational loam – yellowish red coarse loamy sand over 
decomposed granite at 40–60 cm. Occurs in upper and mid-slopes 
adjacent to rocky outcrops. 
5. Heavy soils a) Salmon gum clay – dark brown sandy clay loam over medium clay at 
10 cm with downward alkaline trend. Occur on valley flats adjacent to 
sloping land. 
b) Cracking grey clay – similar dark grey/brown medium clay grading to 
heavy clay at depth, with pedal block structure in topsoil.  Calcareous at 
depth.  Occurs on valley flats. 
c) Morrel solonised brown earth – fluffy highly calcareous brown loam 
grading to medium clay at 50–60 cm.  Occurs on undulating land close to 
salt lake drainage systems. 
6. Dyke-associated soils Red/brown iron-rich clay loam grading to heavy clay at 30–50 cm.  
Formed from dolerite rock. 
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Appendix 5:  Hydrogeological map and groundwater drilling 
Rosemary Nott, Catchment Hydrology Group 
A map of the South Yarding catchment has been produced using geological, groundwater 
and topographical data.  The mapping was undertaken to obtain an understanding of 
groundwater and its role in salinity development and to assist farmers in developing salinity 
management strategies. Recharge potential units were mapped for the catchment.  
Assessment was based on land units, topographic position and waterlogging hazard.  Most 
of the catchment was found to have a medium to low recharge potential (approximately 
60%).  Only 16% has high recharge potential.  
Geological features, including mafic and quartz dykes, fracture zones and lineament 
directions, were mapped on the same sheet from field assessment. South Yarding 
catchment is underlain by granitoid basement rocks. These are crossed by a large number 
of fracture zones, some of which have been intruded by mafic rock and quartz.  Geological 
structures are significantly influencing groundwater movement. Only a small area of salinity 
was observed.  Reasons may be: 
1.  Recharge is lower than neighbouring catchments. 
The area of highly permeable soil is quite small.  Heavier soils are more conducive to high 
run-off rather than high infiltration. 
2.  The large number of fracture zones in the bedrock allow more water storage space.   
It is possible that there is more underground water storage than in neighbouring salt-
affected catchments.  Evidence of this theory is the good water supply, held in fractures or 
underground rock basins, downslope of Mount Shackleton and other areas. 
3.  Fracture zones are able to transmit more water than neighbouring catchments. 
A number of fracture zones containing broken quartz (a highly transmissive bedrock) may 
locally increase the rate of water movement, but are not widespread.  Dykes acting as 
barriers to groundwater movement were only evident in the upper catchment, where 
groundwater has been compartmentalised. 
Method 
Existing information relating to the catchment was reviewed.  This included the Water and 
Rivers Commission database, geology maps, soil maps and vegetation surveys.  Aerial 
photos and field observations from farm visits were used to map geological features.  
Hydrogeological data was digitised and stored in series of map layers (recharge units, 
structures and hazards) at the 1:25,000 scale. 
A small drilling program was conducted to install piezometers.  Eleven sites were drilled with 
a rotary air blast drill rig and seen on Figure 2.  Drill logs were recorded in the field and 
samples were collected for salinity tests.  Water levels and groundwater salinity were 
measured for each piezometer. 
Previous Investigations 
• Geological information was found in the Corrigin Geological Series 1:250,000 
Explanatory Notes and accompanying map sheet (Chin 1986). 
• Topographical information was obtained from the Bruce Rock (2534-III), Kwolyin  
(2434-II), Babakin (2533-IV) and Wogerlin (2433-I) 1:50,000 map sheets. 
• The WRC Aqua-base contains information from some groundwater drilling.  With the 
exception of one entry, all were completed between 1912 and 1914.  Only three of these 
records are currently known to exist. 
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• Soils information was obtained from farmer maps compiled into a catchment soils map 
by Jeanette Buegge and Melanie Roberts. 
Physical environment 
The catchment is narrow (11.5 km at widest).  The main stream for South Yarding Creek 
meanders for about 40 km from the top to the bottom of the catchment. The topography 
ranges from 350 m AHD in the southern and south-eastern extremities of the catchment 
divide to 240 m AHD at the outlet.  The upper slope is gently undulating with a slope of 
approximately 3%, broken only by isolated gravel hills and bedrock outcrops.  There are no 
deeply eroded drainage incisions in the upper catchment.  The bedrock is deeply weathered 
with a profile consisting of saprolytic material, white kaolinitic clays (pallid zone) grading 
upward to a variable coloured mottled zone, capped with soil, ironstone gravel, massive 
laterite or sand.  
There are few remnant lateritic hills around the catchment divide due to extensive erosion of 
the mid to lower catchment.  Aeolian redistribution of sand-sized material has resulted in 
sandplain formation around some gravel hills.  
The valley is flat with a slope <0.5%.  It has been extensively eroded adjacent to 
palaeodrainage channels and infilled by alluvial materials and lake deposits.  Water drains 
northwards into the regional salt lake chain, but is without regular flow.  Small lunette dunes 
exist around a few of the salt lakes, isolating them from the main drainage system.  
Climate is Mediterranean with cool moist winters and hot dry summers.  Average annual 
rainfall in the catchment, based on farmer averages, is 304 mm, ranging from 266 mm in the 
lower catchment to 330 in the upper catchment.  The growing season rainfall is 241 mm 
(ranging from 214 to 276 mm). 
Vegetation 
Vegetation was mapped by Beard (1980) as the Pikaring System of the Avon Botanical 
District.  Deep sand/gravel profiles were originally dominated by Kwongan-type vegetation 
communities, with Allocasuarina campestris (tamma) thickets typically on ironstone gravel, 
Leptospermum- Melaleuca heath and other heaths typically on sandy loams and Banksia-
Xylomelum shrub-heath or Allocasuarina typically on deep yellow sand.  
Mallee woodland was once widespread in the mid-slopes between the Kwongan and lower 
slope woodland.  These areas included several mallees, ranging from 4 to 9 m.  
The mid-lower slope woodlands were dominated by Eucalyptus loxophleba (York gum) and 
E. salmonophloia (salmon gum) on alluvial/colluvial soils and E. salubis (gimlet) typically on 
heavy red soil.   
The lake bed soils were dominated by E. longicornis (morrel), E. yilgarnensis (yorrell) and E. 
loxophleba (York gum) in the less salty areas, grading into samphire (Halosarcia sp.) and 
saltbush (Atriplex vesicaria). 
In areas of exposed rock, white gum (E. wandoo) typically dominated the rough stony or 
broken rock country in the upper catchment, while around granite outcrops with shallow soil 
typical species included Allocasuarina huegeliana (rock oak), Acacia acuminata (jam wattle) 
and Kunzea pulchella (granite kunzea). 
Soils 
Soils were mapped by farmers following a field day led by Paul Galloway.  Soil units include 
yellow sand, pale acid sand, gravelly sand, sodic shallow duplex, gravel duplex, fresh rocky 
gradational loam, salmon gum clay, cracking grey clay and solonised brown earth (morrel).  
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Geology 
Relevant geological features observed in the field were mapped onto overlays for aerial 
photographs; 1:250,000 geology maps were consulted for basement geology. 
South Yarding is underlain by granitoid gneiss and smaller areas of granite intrusion evident 
as resistant boulders and semi-weathered sheet granite around the catchment boundary.  
According to Chin (1986) the gneiss is part of an extensive belt extending from the southern 
end of the Yilgarn Craton to the north-eastern corner of the Kellerberrin geology map sheet.  
This band is intruded by a network of thin adamellite veins and also contains enclaves of 
mafic, ultramafic and metasedimentary rocks.  The major gneissic structures trend north-
south to northwest-southeast.  Foliated gneiss, with thin veins of intruded granite/ 
adamellite, occurs to the west around Mt. Shackleton.  This gneiss is also found on Negri’s 
(Loc. 10014) and Boyd’s (Loc. 10020) properties.  Granitoid gneiss with banded biotite 
phases was found on the south-eastern catchment divide (Curnow - Loc. 20094).  
Many lineaments were detected on the aerial photographs.  These were consistent with 
evidence of contact metamorphic, shear zone and fault rocks on ground.  Granite gneiss, 
schist and quartzite were found in these regions.  
Dolerite and diorite were intruded after the cessation of regional metamorphism and 
deformation (Chin 1986).  They cut the catchment in a number of directions.  The 
predominant dyke direction is east to east-north-east trending with a minor group trending 
northwest.  Fractured quartz ridges were evident in the mid to upper catchment.  These 
were trending in a north-east direction. 
Tertiary duricrust, consisting of nodular and massive laterite, may have once covered a 
large area of the catchment.  Only remnants remain along the south-western and eastern 
catchment divide.  This iron-rich crust is underlain by a mottled clay zone, leached 
kaolinised zone and saprolytic zone, over bedrock.  Where the bedrock is gneiss, the 
saprolytic zone has a high clay content. 
Silcrete (silicified sandstone of angular quartz crystals), may occur locally beneath the 
duricrust but above the kaolinised zone.  Silcretes were found in the upper sections of the 
main stream (Boyd - Loc. 10013), extending downstream to (Jacobs - Loc. 18890 and 
22487).  Silcretes were also found below sandplain in Barber’s property (Loc. 20085 and 
24137).  Quartz sandstone and quartz-pebble conglomerates were found in the streamline 
in the upper catchment (Boyd - Loc. 10013).  These have been formed in a similar way to 
the laterites but have not been silicified as silcretes. 
Yellow sand deposits were found around remnant duricrust in the eastern catchment 
adjoining the main South Yarding catchment.  It has been derived from quartz sand and 
eroded duricrust. 
Colluvial sediments, formed on the catchment slopes from the breakdown of bedrock and 
moved downslope by water and soil creep, have been found throughout the catchment.  
Alluvial sediments, of predominantly sand and silt, were found in the upper portions of the 
drainage valleys.  These appear in the creek bed and in old drainage channels on the 
floodplains.  In the valley floors silt and clay sediments from upslope and/or eolian salt lake 
sediments overlie alluvium.  Some of the salt lakes are surrounded by quartz sand dunes. 
Hydrogeology 
Groundwater data were obtained from the Water and Rivers Commission’s AQUAbase, 
from 1900 to the present.  Most were from drilling in and around the catchment between 
1912 and 1914.  One hole was drilled in 1978.  A total of 54 drill holes were found in the 
database but only two sites have been located.  One was on the property of T. Crooks.  The 
timbered well and mill however have collapsed and the groundwater level could not be 
established.  An abandoned bore with windmill was found south-west of Mount Shackleton.  
Farmers suggested that this site was abandoned because the bore became too salty.  It 
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matches the description given for a high yielding, water supply bore drilled in 1978; although 
the easting and northing is not identical to the on-ground location.  
It is likely that a large percentage of the drill holes from the WRC database were not cased 
because of limited water supply and salty water.  Many more holes could have been 
abandoned in the 80 years since drilling due to diminishing water supply or increasing 
salinity.  
Several sites on the WRC database were drilled to bedrock.  This ranged from 4.3 to 48 m, 
however no sites were drilled in the palaeodrainage channels. 
A number of bores and wells were found which were not included in the WRC database.  
These are listed in Table 6 with available groundwater information.  Permanent groundwater 
has been found in all parts of South Yarding within alluvial sediments, weathered bedrock, 
fractured bedrock and as perched lenses in sandplain.  A schematic cross-section (Figure 
10) shows the occurrence of groundwater and the relationship of the aquifers.  This figure 
also shows the recharge/flow/discharge relationships in the catchment. 
Several dolerite dykes occur.  These are more resistant to weathering than granite or gneiss 
and some act as barriers (in the solid rock and weathered form) to groundwater flow.  Salt 
seeps are often evident upslope or upstream from the dyke because of increased 
groundwater gradient. 
Groundwater conduits have also been identified in the catchment.  These areas allow 
groundwater flow along fractures and contact zones with bedrock.  Both fractured quartz 
and metamorphic fracture zones have been identified. 
 
 
Figure 10: Three dimensional representation of effect of dolerite dyke on salt accumulation 
in a catchment 
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Table 6: Groundwater sources in South Yarding Catchment (October 1998) 
Location Groundwater source Depth  
(m) 
Quality 
(mS/m) 
1. Butler, C. - Eastern side of Yarding Rd Abandoned well 13.5   
2. Strange - Rd to house Well  ~10  fresh 
3. Strange - North of reserve  Bore ~19.5 (24*)  
4. Yard Yarding Spring Reserve Well 4.4  
5. Butler, D. - South of Smith Rd Well 8 fresh 
6. Butler, D. - North of Smith Rd Bore 12 (21*) fresh 
7. Barber - sandplain Bore 5  fresh 
8. Smith - West Ardath Rd (eastern side of 
catchment) 
Well ~25 ? 
9. Crooks, T. (north-west of house) Collapsed well ~6 salty 
10. West Ardath Rd verge (Smith-Hunter 
boundary) 
Collapsed well (now 
filled in by Shire) 
~10 fresh 
11. Hunter - western boundary Well 9.5 fresh 
12. Curnow - Cnr West Ardath & Carger Rd  Bore 5.5 (21.4*) fresh 
13. Read - Cnr West Ardath and Carger Rd Bore 5.5 (18*) fresh 
14. Comley - Carger Rd cnr Bore (36*) salty 
15. Heasman -middle paddock Bore 18  
16. Bolt - creek line from SE Soak 1.5 fresh 
17. Boyd - Sth Yarding Rd Bore (27*)  
18. Read - Trehernes Rd block Bore (30*) fresh 
19. Jacobs - Sth Yarding  Bore (26*) stock 
20. Jacobs - silcrete gully Abandoned bore ~10 stock 
21. Wulyaling Reserve Well/soak 1 fresh 
22. Boyd - Beverley Rd Bore 21  
23. Boyd - South of house Well 10 fresh 
24. Negri - sand seam above salt Bore (27*) stock 
* drilled depth    
Where is recharge occurring? 
Water infiltrating across the surface can become recharge if not used in the plant root zone.  
It occurs to varying degrees and rates in all of the catchment.  Factors that affect the 
recharge include: soil texture, amount and intensity of rainfall, seasonal rainfall patterns, 
vegetation cover and type, soil salinity, tillage method, topographic position and slope and 
waterlogging. 
1.  Soil texture 
Some recharge occurs on all soil types.  However, the rate is higher in areas of bare sand 
or gravel as these soils are very porous and water usually percolates below the root zone 
faster than the transpiration rate.  For example, the rate of water movement through a 
uniform coarse textured soil can be over 2 m/day, while water movement through a heavy 
clay soil can be less than 0.001 m/day 
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2.  Amount and intensity of rainfall 
Uniform coarse-textured soils have low water-holding capacity.  After the storage capacity of 
the plant root zone is reached, water continues to move downward.  In large rainfall events, 
large amounts of water recharge below the root zone unless used by plants. 
As the intensity of rainfall increases, run-off increases.  In a low relief catchment, as rainfall 
intensity increases, recharge decreases in the upper catchment, but eventually increases in 
the lower catchment as water accumulates in depressions and low lying areas. 
3.  Seasonal rainfall patterns 
In the eastern and south-eastern wheatbelt rainfall is winter dominant.  In traditional farming 
systems, crop growth occurs in winter and spring.  Very little water is used by plants in 
summer and autumn.  Episodic rainfall events during this period cause recharge. 
4.  Vegetation cover and type 
Recharge is higher under annual crops and pastures compared to native vegetation.  The 
reason for this is shallower rooting depth, short growing cycle and lower leaf area index in 
annual crops.  An interaction exists between vegetation and soil type.  If the vegetation type 
is not adapted to the soil type, recharge will be higher than if it were growing on an 
appropriate soil type due to poor plant root development. 
5.  Tillage method  
Tillage methods that restrict root elongation may increase recharge due to decreased crop 
water use.  Practices that encourage root growth such as deep ripping and amelioration of 
soil structure with gypsum or liming on acid soils may increase plant water use.  Practices 
that encourage increased plant leaf area such as correct and timely fertiliser application 
increase water use. 
6.  Topographic position and slope 
Topography and slope influence whether water ponds on the surface or runs off.  If it runs 
off, it may recharge further down the catchment, unless intercepted and used by plants. 
7.  Waterlogging 
Recharge is higher on waterlogged soils due to poor plant growth and thus reduced 
evapotranspiration.  Ponded water on fine-textured valley floor soils infiltrates slowly and 
contributes to recharge.  In duplex soils, preferred pathway drainage may also contribute to 
recharge. 
8.  Soil salinity 
Recharge may by greater on saline soils due to reduced plant growth.  This effect is 
increased if the site is also waterlogged. 
Where is discharge occurring? 
Discharge predominantly occurs on the valley flats where salt accumulates in salt lakes and 
paleochannels and along creeklines.  On the upper slopes, discharge also occurs at hillside 
seeps (an area of skeletal topsoil, downslope from deep topsoil) or upslope from dolerite 
dykes and bedrock highs. 
The main mechanism for discharge is capillary rise.  When groundwater gets to within 1 to 2 
m of the surface, discharge occurs by evaporation.  The depth to which capillary rise starts 
depends on soil texture.  In a sandy soil, the critical depth for capillary rise may be as high 
as 0.5 m, while in a clay soil the critical depth may be 2 m due to a greater volume of 
capillary pore space in fine-textured soils. 
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Management 
One of the purposes for the hydrogeological map and catchment drilling was to aid the 
design and implementation of catchment strategies for salinity control.  Remedial action for 
salt-affected land needs to consider the recharge contribution of all areas of the catchment.  
In the past, the focus of salinity management has been on the problem areas, with little 
emphasis placed on the causes.  Following are some recommendations for recharge areas.  
Granite rock outcrops 
A significant amount of water runs off exposed and shallow granite rock.  Water enters the 
groundwater system downslope of the rocks through porous granite sands (saprolite).  In 
some situations it may be possible to harvest water from the rocks and store in dams, or 
pump relatively fresh water from this part of the aquifer.  Alternatively, revegetating areas 
around outcrops can reduce recharge, provided the soil is not too shallow.  Selectively 
planted trees and shrubs will use stored moisture over summer and minimise recharge from 
episodic events.  Species with useful timber may be considered, e.g. sheoak (Allocasuarina 
huegeliana), sandalwood (Santalum spicatum) and jam (Acacia acuminata) according to 
Baxter (1996).  Wildflowers may also be a viable enterprise. 
Breakaways 
Breakaways occupy only a small area, however they contribute large amounts of recharge 
though broken laterite.  Bare areas should be fenced to avoid stock trampling and 
revegetated as they contribute little to agriculture.  Species that are adapted to growing in 
broken rock are most suitable e.g. wandoo (Eucalyptus wandoo).  Problems with poor 
water-holding capacity of these soils may be avoided in part by forming absorption banks for 
the areas below.  Some revegetation downslope of breakaways may be difficult if erosion 
has exposed acid subsoil.  
Sands/sandy gravels 
Deep sands occupy a small area.  Sandplain is a uniform coarse textured soil that allows an 
even downward movement of water (matrix recharge) and thus salt leaching.  Commonly, a 
sheet of fresh groundwater will sit over saline groundwater.  This is available for deep-
rooted plants, but it has been noted (Baxter 1986) that trees may exhaust this supply within 
a few years of planting, resulting in stunting and death.  Acid-tolerant plants also need to be 
considered where the sandplain is acid.  
Hillslopes 
Hillside duplexes are one of the largest soil units.  Water percolates through the A-horizon 
and perches on top of the B-horizon.  Preferred pathway recharge may occur through root 
channels and cracks in the clayey B-horizon.  If the A-horizon is fully saturated and a 
gradient exists, water will run off by saturated overland flow.  Where there is a minimal 
gradient waterlogging occurs, creating an environment for preferred pathway recharge.  
Trees planted on duplex soils will eventually put down roots into clayey subsoil, but shallow 
saline groundwater table will shorten their life span.  The most beneficial place to plant trees 
in hillside duplexes is on contours, below earthworks to make maximum use of surface 
water and minimise effects on farming practices.  Watertable depth should be assessed 
before engaging land in large-scale tree planting.  If groundwater is at 5 m or higher and 
trees are not salt-tolerant, they may have a life-span less than 10 years. 
Hillside seeps 
Hillside seeps occur where saline water is discharged on the side of a hill where the regolith 
becomes thin, in the case of a granite bedrock high, or where a dolerite dyke forms a barrier 
to groundwater flow.  Water either trickles downslope or accumulates around the seep, 
creating a site of preferred pathway recharge. 
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If the area recharging a seep is fairly small, discharge may be controlled with vegetation.  
Only salt tolerant trees and pastures should be planted immediately upslope from the 
discharge site.  Further upslope, where saline groundwater is deeper and less salty, a 
greater variety of trees may be planted.  It should be noted that up to 80% of the recharge 
area might need to be planted to prevent discharge flow.  Alternatively, if the seepage area 
is of significant value and a safe disposal site can be located, drainage may be the only 
option.  If the sight is of low value, fencing it off and leaving it may be the most economical 
solution. 
Sandplain seeps 
Sandplain seepage may occur where the blanket of sand tapers to a thin layer over 
impermeable clay.  The first step in management is determining the salinity of the seepage 
water.  If the water is fresh the obvious option is to collect the water for stock water supply 
or irrigation.  Sandplain seeps are most likely to be fresh as salts have been leached from 
these profiles over a long period of time and a perched watertable exists on top of an 
impermeable clay or creted base.  Alternatively, a fresh water mound (from recharge 
through the sandplain) may be sitting on top of a salty groundwater table.  In this case the 
seep will remain fresh through the early summer months and then become salty as fresh 
seepage water gets used up. 
Salty sandplain seeps, or fresh seeps where the water supply is not required, can be 
controlled by increasing water use above the seep.  A Farmnote on ‘Reclaiming sandplain 
seeps with small blocks of trees’ explains methods for revegetation above sandplain seeps.  
Growing of deep-rooted perennial pastures may also use enough water to dry the seep. 
Valley flats 
Valley floors contribute significant amounts of recharge to the catchment although a large 
area is also discharging water.  Recharge is by preferred pathways when the valley floor is 
waterlogged.  Large recharge events occur in the valley floor during episodic flood events 
when large quantities of water is ponded for long periods (Baxter 1986).  
The first management strategies for valley flats should be engineering solutions to reduce 
waterlogging.  Engineering and revegetation solutions employed in the mid and upper 
catchment will contribute towards reduced flooding and waterlogging on the valley floor.  
Vegetation solutions for valley floors should incorporate perennial plants to use more of the 
water falling on the flats and dry the surface soil.  Some consideration should be given to 
the depth of saline watertable and lifespan of the perennial species, given a predicted rate 
of groundwater rise of 25 cm/yr. 
Creeks and drainage depressions 
Major drainage lines contain thick bands of depositional sand.  Normal winter rainfall and 
light summer rainfall events infiltrate quickly through these sands and recharge the 
groundwater.  Large episodic events cause run-off.  Fast moving water travels down creeks 
from the upper catchment to flood the lower flat, causing preferred pathway recharge.  Prior 
to clearing, less run-off would have reached the lower flats, and that would have infiltrated 
by tree root channels to be used during dry periods of the year. 
Creeklines are ideal locations for revegetation because they have little agricultural use, are 
natural water gaining areas for good plant survival and may be used as plant and animal 
corridors.  The major consideration in revegetation is the depth to saline groundwater. 
Minor drainage depressions feeding into creeklines, can be contoured towards creeks or 
dams and then revegetated behind banks if applicable. 
Remnant bush 
The amount of recharge contributed by remnant bush depends on its quality.  Recharge 
under ungrazed native bush is minimal.  However, in grazed native bush the understorey 
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disappears and recharge increases as a result of decreased leaf area.  Mature trees may 
also die under grazing as opportunities for seedling regeneration are diminished.  Isolated 
patches may also die as a result of unviable size, chemicals and fertilisers. 
One of the purposes for the hydrogeological map and catchment drilling was to aid in the 
design and implementation of catchment strategies for salinity control.  Remedial action for 
salt-affected land needs to consider the recharge contribution of all areas. In the past, the 
focus of salinity management has been on the problem areas, with little emphasis on the 
causes.  
Conclusion 
Hydrological equilibrium has not been reached so groundwater will continue to rise in all 
parts of the catchment, causing widespread salinity on the flats and further outbreaks on 
slopes, unless action is taken.  Higher water use farming systems need to be adopted to 
reduce the extent and severity of salinity.  Later research from George et al. (1999) 
suggests that only extensive revegetation, over 70-80% of the catchment will significantly 
reduce a regional watertable.  Their recommendation is that trees planted in non-saline 
areas will have the best long-term effect.  Discharge area plantings may have a positive 
effect on a local watertable, but provide little long-term benefit in reducing groundwater at 
catchment scale.  However, there may be reasons other than controlling groundwater tables 
at a discharge site, such as aesthetics, increasing crop or pasture productivity, windbreaks 
or erosion prevention.  Few trees can adequately transpire salty water (>1000 mS/m).  In 
order to maximise the impact of revegetation, trees should be located on relatively fresh 
aquifers, or where there is significant profile depth for survival above the salty watertable.  
Tree plantings will have maximum control of a perched (sandplain seep) or local 
groundwater system or systems with thin aquifers.  A small block of trees planted on one 
property may not change the valley floor watertable of the catchment.  
Realistically, present economies do not allow farmers to do the amount of tree planting 
necessary to reverse the salinity trend.  Farmers need to incorporate as many surface water 
control and high plant water use measures as financially possible to slow the rate of ground 
water rise.  Following this farmers need look at industries which make use of saline water, 
and preferably industries which retain the current social structures in rural communities.  
Recommendations 
• Groundwater monitoring should be continued in the South Yarding catchment group to 
know how quickly groundwater is rising and to determine the effects of episodic events, 
such as the rain event of January 2000.  Bores should be monitored at least four times a 
year to obtain maximum information on seasonal trends.  CLCs may be able to assist 
with bore monitoring advice.  
• Drainage lines need to be revegetated and fenced. 
• Better ways of using fresh water need to be investigated. 
• Banks should include vegetation lines to use more water on the slopes 
• High water use plants need to be used in all recharge areas.  This may include high 
water use pastures for livestock grazing or productive tree crops. 
• Saline water use needs to be investigated by catchment members as a possible income 
alternative e.g. saline aquaculture. 
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Glossary 
Alluvial Soil deposited by a stream or running water. May be clay, silt, sand gravel or 
similar unconsolidated material deposited during comparatively recent geological 
time on a creek bank, floodplain, delta, or as a cone or fan at the base of a 
mountain slope. 
Aeolian Sediments deposited after transport by wind e.g. dunes. 
Aquifer A saturated layer in the regolith which transmits water. 
Bedrock Unweathered rock that underlies soil or other unconsolidated material. 
Bore Any drilled hole in the ground. An observation bore is a narrow bore used to 
measure water levels or sample water. A production bore is a wide borehole 
used for pumping for water supply 
Capillarity The effects of surface tension in drawing water up into narrow pores against the 
effect of gravity. 
Catchment The area from which surface water is collected and feeds to a common water 
course. In any drainage system. There may be a hierarchy within catchments.  
Colluvial Weathered material transported by gravity e.g. scree slopes. 
Confined aquifer A formation in which the groundwater is isolated from the atmosphere at the 
point of discharge by impermeable formations; confined groundwater is 
generally subject to pressure greater than atmospheric. 
Discharge zone The exit point of groundwater flow from an aquifer.  
Dyke A sheet-like body of igneous rock which cuts across the structures of the host 
rocks in which they are found. 
Drawdown Distance between the static water level and surface of the cone of depression 
Equipotential line A contour line on the watertable or potentiometric (pressure) surface: a line 
along which the pressure head of groundwater in an aquifer is the same. 
Evapotranspiration The combined loss of water from land through the transpiration of plants and 
evaporation from the soil.  
Fault A fracture or a zone of fractures along which there has been displacement of the 
sides relative to one another parallel to the fracture. 
Flow lines Lines indicating the direction followed by groundwater towards points of 
discharge. Flow lines are perpendicular to equipotential lines. 
Fracture zone A zone of weakness in the bedrock caused by fracturing or faulting. 
Groundwater All water held within a saturated soil, rock medium, fractures or other cavities 
within the ground. Rock may preferentially weather here making it pervious to 
water and may act as an aquifer, or be intruded by materials such as quartz 
Groundwater divide The groundwater equivalent of a surface water divide. May change with time. 
Groundwater table The surface between the zone of saturation and the zone of aeration: the 
surface of an unconfined aquifer. 
Hydrogeology The study of groundwater, including flow in aquifers, groundwater resource 
evaluation, and the chemistry of rock-water interaction 
Hydrology The study of all above and below-ground waters. 
Igneous rock Rock types resulting from the cooling of molten magma. May by extrusive 
(cooled on the surface) or intrusive (cooled underground). 
Infiltration The process of surface water soaking into a soil or rock. 
Limestone A sedimentary rock consisting mainly of calcium carbonate. 
Lineament A large linear feature that expresses itself in topography, which is in turn the 
expression of underlying structural features. Include faults, fractures and dykes. 
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Glossary continued  
Metamorphic rocks Rock types formed by the processes of metamorphism. 
Metamorphism The processes by which changes to the chemical composition and structure of 
rocks by the agencies of heat and pressure. 
Outcrop Where a particular rock type occurs at the surface. 
Palaeochannels Ancient river and swamp deposits often sand overlain by silts and clays. 
Pallid zone Formed by bedrock completely weathered to clay and quartz. 
Percolate The movement of water (or filtering) through the soil without a definite channel. 
Permeability The capacity of rock, sediment or soil for transmitting a fluid. 
Piezometer A narrow pipe, tube or borehole for measuring the moisture in a soil, water level 
in an aquifer or pressurehead in a tank, pipeline etc. 
Porosity The percentage of the bulk volume of soil that is space 
Potentiometric 
surface 
An imaginary surface representing the total head of groundwater in a confined 
aquifer that is defined by the level to which water will rise in the bore. 
Precipitation General term for rain, hail, snow, frost, dew. Precipitation can be regarded as 
the input to a catchment. 
Pump test A test that is conducted to determine aquifer or bore characteristics. 
Recharge The addition of water to the zone of saturation 
Regolith The weathered profile above bedrock consisting of mixtures of clay, silt, sand 
and gravel. Also includes cemented materials such as silcrete, ferricrete 
(laterite) and calcrete. 
Riparian Relating to river banks 
Run-off The component of precipitation flowing to surface streams. 
Saprolite Partially weathered bedrock, mostly clay 
Sedimentary rock Rock types formed from material derived from the breakdown of pre-existing 
rocks, deposited as sediments and changed into rocks 
Sediments Materials resulting from the deposition of particles, which are often derived from 
the weathering and erosion of other rocks. 
Seepage A diffuse flow of water from an unconfined aquifer where the water table 
intersects the ground surface. 
Soak See seepage 
Spring Water flowing along a fault or fissure from an unconfined aquifer wherever the 
watertable intersects the ground surface 
Topography The detailed description of the surface features of a region. 
Transmissivity The rate at which water is transmitted through a unit hydraulic gradient. 
Transpiration The process by which water absorbed by plants, usually through the roots, is 
evaporated into the atmosphere from the plant surface. 
Unconfined aquifer An aquifer where the watertable is exposed to the atmosphere through openings 
in the overlying materials  
Unsaturated zone  The upper part of an unconfined aquifer through which recharge has taken 
place. 
Watertable The upper surface of the saturated zone in a confined aquifer 
Weathering The on-site physical disintegration and chemical decomposition of rock materials 
at or near the Earth’s surface. 
Yield The volume of water discharged from a bore in cubic metres per day. 
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Appendix 6.  Drill log data 
Catchment Hydrology Group: Driller’s Field Log 
Site  PN1i 
Date: 8/2/99 Landform Unit: Booraan 
Sth Yarding /Focus / Negri -Yarding Rd Location Number: 13707 
Local Bore: AMG Northing (m): 32° 04’ 54” 
W&R Bore: AMG Easting (m): 117° 57’ 40” 
Driller: Flockhart AHD (m): ~275 
 
Depth (m) Sample Description and Drilling Comments Geology 
0-1 grey-brown sandy loam  
1-2 grey-brown clayey sand  
2-3 orange-pink sand, little clay  
3-4 moist orange-pink sand  
4-5 moist fine sandy clay  
5-6 talcy white clay  
7-12 pallid kaolin clay  
12-13 moist, gritty clay…some weathered granite  
13-15 kaolin clay with weathered granite  
15-16 kaolin clay, salty water  
 
Bore Completion Details 
Depth Drilled (m): 15.8 Water/Foam/Detergent Injected (m): 
Casing Total Length (m): 15.63 Est. Watertable during Drilling (m): 13 
A.G.L. (m): 0.70 Casing Installation: GOOD/OK/FORCED  
Screen Length (m): 2.00 Estimated Yield:  
Material Screened: graded sand S.W.L. at Completion (m): 3.2 
Drill Method/ Bit Size (Diam. mm): RAB 100  
Casing Type and Diam (mm): PN9 40 First SWL (m):     on _/_/_ 
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Site PNs 
Date: Landform Unit: Booraan 
Sth Yarding /Focus / Negri - Yarding Rd Location Number: 13707 
Local Bore: AMG Northing (m): 32° 04’ 54” 
W&R Bore: AMG Easting (m): 117° 57’ 40” 
Driller: Flockhart AHD (m): ~275 
 
Depth (m) Sample Description and Drilling Comments Geology 
 as above  
 
Bore Completion Details 
Depth Drilled (m): 6.00 Water/Foam/Detergent Injected (m): 
Casing Total Length (m): 5.90 Est. Watertable during Drilling (m): 5 
A.G.L. (m): 0.65 Casing Installation: GOOD/OK/FORCED  
Screen Length (m): 2.00 Estimated Yield: 
Material Screened: graded sand S.W.L. at Completion (m): 2.65 
Drill Method/ Bit Size (Diam. mm): RAB 100  
Casing Type and Diam (mm): PN9 40 First SWL (m):               on _/_/_ 
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Site MB2 
Date: 8/2/99 Landform Unit: Danberrin 
Catchment/Project/Owner: Year Cleared: 
Sth Yarding /Focus /Boyd -  Location Number: 10013 
Local Bore: AMG Northing (m): 32° 06’ 14” S 
W&R Bore: AMG Easting (m): 117° 58’ 21” E 
Driller: Flockhart AHD (m): 302 
 
Depth (m) Sample Description and Drilling Comments Geology 
0-1 Grey loamy clay, surface evidence of creek-bed conglomerates  
1-2 grey clay  
2-4 grey clay, organic smell  
4-8 pale clays  
8-9 2-3 mm quartz particles in clay, moist  
9-10 sulfur smell, to clay  
10-11 wet zone, quartz in clay  
11-15 pale moist clay  
15-17 yellow-grey clay  
17-18 pale orange gritty clay  
18-19 wet, coarse grit  
20 wet grits, made water, salty  
 
Bore Completion  Details 
Depth Drilled (m): 21 Water/Foam/Detergent Injected (m): 
Casing Total Length (m): 21.15 Est. Watertable during Drilling (m): 10.00 
A.G.L. (m): 0.45 Casing Installation: GOOD/OK/FORCED  
Screen Length (m): 2.00 Estimated Yield: 
Material Screened: graded sand S.W.L. at Completion (m): 3.10 
Drill Method/ Bit Size Diam. (mm): RAB 100  
Casing Type and Diam (mm): PN9 40 First SWL (m):  on _/_/_ 
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Site  MB3 
Date: 8/2/99 Landform Unit: Danberrin 
Catchment/Project/Owner: Year Cleared: 
Sth Yarding /Focus / Boyd  Location Number: 10013 
Local Bore: AMG Northing (m): 32° 06’ 02” S 
W&R Bore: AMG Easting (m): 117° 58’ 05” E 
Driller: Flockhart AHD (m): 318 
 
Depth (m) Sample Description and Drilling Comments Geology 
0-1 orange-brown sandy loam, micas present, very dry  
1-2 lateritic fragments, mica, very dry  
2-4 pale coloured sandy loam, weathered rock particles - 
mica and gneissic, very hard drilling from 3 m 
 
4-5 weathered rock, hit solid at 5 m, slow water seep  
 
Bore Completion  Details 
Depth Drilled (m): 5.00 Water/Foam/Detergent Injected (m): 
Casing Total Length (m): 5.00 Est. Watertable during Drilling (m): 
A.G.L. (m): 0.60 Casing Installation: GOOD/OK/FORCED  
Screen Length (m): 2.00 Estimated Yield: 
Material Screened: graded sand S.W.L. at Completion (m): 4.40 
Drill Method/ Bit Size (Diam. mm): RAB 100  
Casing Type and Diam (mm): PN9 40 First SWL (m):               on _/_/_ 
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Site PN4 
Date: 8/2/99 Landform Unit: Booraan 
Catchment/Project/Owner: Year Cleared: 
Sth Yarding /Focus / Negri Location Number: 10014 
Local Bore: AMG Northing (m): 32° 06’ 14” S 
W&R Bore: AMG Easting (m): 117° 58’ 33” E 
Driller: Flockhart AHD (m): 
 
Depth (m) Sample Description and Drilling Comments Geology 
0-1.5 sandy loam quickly grading to coarse grained sandy clay  
1.5-2 heavy grey clay (sticky)  
2-4 white talcy clay  
4-7 moist white talcy clay  
7-9 creamy white clay with 1-2 mm quartz particles  
9-10 increasing quartz content  
10-12 moist clay with 2-3 mm quartz  
 
Bore Completion Details 
Depth Drilled (m): 12.00 Water/Foam/Detergent Injected (m): 
Casing Total Length (m): 12.58 Est. Watertable during Drilling (m):  
A.G.L. (m): 0.47 Casing Installation: GOOD/OK/FORCED  
Screen Length (m): 2.00 Estimated Yield: 
Material Screened: graded sand S.W.L. at Completion (m): 6.85 
Drill Method/ Bit Size (Diam. mm): RAB 100  
Casing Type and Diam (mm): PN9 40 First SWL (m):               on _/_/_ 
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Site Wulyaling Reserve 
Date: Landform Unit: Danberrin 
Catchment/Project/Owner: Year Cleared: 
Sth Yarding /Focus / Calm Reserve Location Number: 978 
Local Bore: AMG Northing (m):  
W&R Bore: AMG Easting (m):  
Driller: Flockhart AHD (m): ~300 
 
Depth (m) Sample Description and Drilling Comments Geology 
0-1 yellow-brown fine sandy loam to sandy clay  soil 
1-2 yellow fine sandy loam, very dry  
2-3 sandy loam with small gravel stone and angular quartz, 
dry 
 
3-4 yellow-brown sandy clay pallid 
4-5 pale clayey sand, small amt. of mica saprolite 
5-6 weathered rock 
BEDROCK  
 
gneissic bedrock 
 
Bore Completion Details 
Depth Drilled (m): 6.00 Water/Foam/Detergent Injected (m): 
Casing Total Length (m): uncased Est. Watertable during Drilling (m): 
A.G.L. (m): Casing Installation: GOOD/OK/FORCED  
Screen Length (m): Estimated Yield: 
Material Screened: graded sand S.W.L. at Completion (m): 
Drill Method/ Bit Size (Diam. mm): RAB 100  
Casing Type and Diam (mm): PN9 40 First SWL (m):               on _/_/_ 
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Site  ES5 
Date: 9/2/99 Landform Unit: Belka 
Catchment/Project/Owner: Year Cleared: 
Sth Yarding /Focus / Smith - Ardarth Rd Location Number: 18106 
Local Bore: AMG Northing (m): 32° 01’ 63” 
W&R Bore: AMG Easting (m): 117° 57’ 34” 
Driller: Flockhart AHD (m): ~258 
 
Depth (m) Sample Description and Drilling Comments Geology 
0-1 brown clay  
1-2 brown clay with coarse sand seam  
2-3 
3-4 
4-5 
brown clay 
orange clay 
red-pink clay 
 
5-6 pink clayey sand  
6-7 
7-9 
9-10 
 
10-11 
11-14 
14-15 
15-18 
18-19 
19-20 
20-22 
22-26 
26-29 
29-35 
25-38 
38-41 
41-44 
44-47 
47-58 
red clayey sand to pale grey-brown sand 
as above (small lenses of different sands) 
red clayey sand to pale coarse sand (9.2-9.4 pale wet sand) 
ironstone fragments in clayey sands 
wet gritty clay (pink), made salty water 
coarse sand, little clay, wet 
grey-green sand clay 
grey-green clay 
bluish-grey clay 
grey sandy clay 
coarse grey clayey sand, some sand size gravel particles 
coarse grey clayey sand 
fine grey clayey sand 
pale talcy clay 
talcy grey clay with grey and yellow-brown mottles 
orange-brown talcy clay 
alternating veins of orange-brown, green and pale clays pale 
to orange-brown clay, very puggy, difficult to drill 
 
 
Bore Completion Details 
Depth Drilled (m): 31.50 Water/Foam/Detergent Injected (m): 
Casing Total Length (m): 31.87 Est. Watertable during Drilling (m): 12.00 
A.G.L. (m): 0.37 Casing Installation: GOOD/OK/FORCED  
Screen Length (m): 2.00 Estimated Yield: 
Material Screened: graded sand S.W.L. at Completion (m): 6.19 
Drill Method/ Bit Size (Diam. mm): RAB 100  
Casing Type and Diam (mm): PN9 40 First SWL (m):               on _/_/_ 
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Site TC6 
Date: 9/2/99 Landform Unit: Alluvial 
Catchment/Project/Owner: Year Cleared: 
Sth Yarding /Focus / Crooks - Erikin Sth Rd Location Number: 13702 
Local Bore: AMG Northing (m): 31° 59’ 87” E 
W&R Bore: AMG Easting (m): 117° 56’ 19” S 
Driller: Flockhart AHD (m): ~249 
 
Depth (m) Sample Description and Drilling Comments Geology 
0-2 grey-brown clay, dry  
2-3 grey-brown clay, to moist red sand  
3-4 red-pink gritty sand and clay seams  
4-5 
5-6 
6-7 
7-9 
pale clayey sand with red staining 
pink sand 
coarse grained angular particles, small clay content 
orange clayey sand, wet, saprolyte fragments 
 
 
Bore Completion Details 
Depth Drilled (m): 9.00 Water/Foam/Detergent Injected (m): 
Casing Total Length (m): 9.60 Est. Watertable during Drilling (m): 8.00 
A.G.L. (m): 0.55 Casing Installation: GOOD/OK/FORCED  
Screen Length (m): 2.00 Estimated Yield: 
Material Screened: graded sand S.W.L. at Completion (m): 6.05 
Drill Method/ Bit Size (Diam. mm): RAB 100  
Casing Type and Diam (mm): PN9 40 First SWL (m):               on _/_/_ 
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Site ES7 
Date: 9/2/99 Landform Unit: Merredin 
Catchment/Project/Owner: Year Cleared: 
Sth Yarding /Focus / Smith -Strachan Rd Location Number: 15324 
Local Bore: AMG Northing (m): 31° 58’ 76” S 
W&R Bore: AMG Easting (m): 117° 57’ 08” E 
Driller: Flockhart AHD (m): ~242 
 
Depth (m) Sample Description and Drilling Comments Geology 
0-2 grey-brown clay  
2-3 
3-4 
4-5 
red-pink/grey clay 
moist red-pink sandy clay 
red-pink sandy clay  
 
5-6.8 grey-brown sand, hardpans at 5 m and 5.3 m.  
6.8-7 siliceous hardpan, became wet  
7-8 pale sand to pink at bottom (water)  
8-9 maroon coloured (bright) sand to deep burgundy 
hardpan. 
 
 
Bore Completion Details 
Depth Drilled (m): 8.29 Water/Foam/Detergent Injected (m): 
Casing Total Length (m): 9.09 Est. Watertable during Drilling (m): 4  
A.G.L. (m): 0.8 Casing Installation: GOOD/OK/FORCED  
Screen Length (m): 2.4 Estimated Yield: 
Material Screened: graded sand S.W.L. at Completion (m): 4.40 
Drill Method/ Bit Size (Diam. mm): RAB 100  
Casing Type and Diam (mm): PN9 40 First SWL (m):               on _/_/_ 
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Site CB8 
Date: 9/2/99 Landform Unit: Merredin 
Catchment/Project/Owner: Year Cleared: 
Sth Yarding /Focus / C. Butler Location Number: 15329 
Local Bore: AMG Northing (m): 31° 56’ 82” 
W&R Bore: AMG Easting (m): 117° 59’ 69” 
Driller: Flockhart AHD (m): ~250  
 
Depth (m) Sample Description and Drilling Comments Geology 
0-2 orange-brown sandy clay, dry  
2-3 yellow-brown sand and clay bands  
3-4 dry yellow-brown sand, hardpan lateritic layer at bottom  
4-5 lateritic material (pinkish sand, little clay)  
5-6  pale yellow-brown sand, little clay, with hardpan  
6-7 white clayey sand (evidence of thin silcrete layer at top  
7-8  clayey white sand, increasing quartz grain size  
8-9 moist white sandy clay  
9-13 moist white talcy clay  
13-15 pinkish moist clay  
15-17 pale moist clay (made salty water)  
 
Bore Completion Details 
Depth Drilled (m): 18.10 Water/Foam/Detergent Injected (m): 
Casing Total Length (m): 18.56 Est. Watertable during Drilling (m): 
A.G.L. (m): 0.46 Casing Installation: GOOD/OK/FORCED  
Screen Length (m): 2.00 Estimated Yield:  
Material Screened: graded sand S.W.L. at Completion (m): 11.13 
Drill Method/ Bit Size (Diam. mm): RAB 100  
Casing Type and Diam (mm): PN9 40 First SWL (m):               on _/_/_ 
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Site  ES9 
Date: 10/2/99 Landform Unit: Collgar 
Catchment/Project/Owner: Year Cleared: 
Sth Yarding /Focus / Smith Location Number: 15428 
Local Bore: AMG Northing (m): 31° 58’ 90” S 
W&R Bore: AMG Easting (m): 117° 59’ 15” E 
Driller: Flockhart AHD (m): ~250 
 
Depth (m) Sample Description and Drilling Comments Geology 
0-2 yellow-brown sandy loam with duricrust particles  
2-3 
3-4 
orange gravelly sand 
bright orange sandy clay 
 
4-6  yellow sand, cemented orange nodules  
6-7.6 pale yellow sand, fine nodules  
7.6-7.8 pale hardpan  
7.8-8.2 
8.2-9 
9-12 
12-13 
13-15 
15-17 
burgundy coloured strip 
pale soft clay 
white talcy clay 
moist, pinkish clay with weathered quartz and feldspars 
gritty quartz in clay 
weathered rock (granite and pinkish granitoid) 
 
 
Bore Completion Details 
Depth Drilled (m): 17 Water/Foam/Detergent Injected (m): 
Casing Total Length (m): 15.8 Est. Watertable during Drilling (m):  
A.G.L. (m): 0.5 Casing Installation: GOOD/OK/FORCED  
Screen Length (m): 2 Estimated Yield: 
Material Screened: graded sand S.W.L. at Completion (m): 7.7 
Drill Method/ Bit Size (Diam. mm): RAB 100  
Casing Type and Diam (mm): PN9 40 First SWL (m):               on _/_/_ 
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Site  AB10 
Date: 10/2/99 Landform Unit: Ulva 
Catchment/Project/Owner: Year Cleared: 
Sth Yarding /Focus / Barber Location Number: 27270 
Local Bore: AMG Northing (m): 32° 01’ 57”S 
W&R Bore: AMG Easting (m): 118° 01’ 28” E 
Driller: Flockhart AHD (m): ~ 280 
 
Depth (m) Sample Description and Drilling Comments Geology 
0-2 
2-3 
3-4 
4-6 
 
6-7 
7-9 
9-11 
11-13 
13-17 
17-18 
18-20 
20-23 
23-25 
25-26 
26-27 
yellow-orange sandy loam 
pale sandy to grey sandy clay 
white fine clayey sand 
white fine clayey sand (thin band of brown sandy 
duricrust derived material at 5.5 m) 
pale sandy clay    -start of in situ weathering 
pale sandy clay 
white talcy clay 
pinkish talcy clay 
pale clay 
moist white clay 
dry white talcy clay 
micas present in increasing quantities 
pale orange gritty clay, micas, small amount of feldspar 
moist pale yellow orange clay 
coarse grits, slightly moist 
Hole abandoned, heavy clay difficult to dig 
 
 
Bore Completion Details 
Depth Drilled (m): Water/Foam/Detergent Injected (m): 
Casing Total Length (m): Est. Watertable during Drilling (m): 
A.G.L. (m): Casing Installation: GOOD/OK/FORCED  
Screen Length (m): Estimated Yield: 
Material Screened: graded sand S.W.L. at Completion (m): 
Drill Method/ Bit Size (Diam. mm): RAB 100  
Casing Type and Diam (mm): PN9 40 First SWL (m):               on _/_/_ 
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Site  AB11 
Date: 10/2/99 Landform Unit: Collgar 
Catchment/Project/Owner: Year Cleared: 
Sth Yarding /Focus / Barber Location Number: 
Local Bore: AMG Northing (m): 32° 01’ 17” S 
W&R Bore: AMG Easting (m): 118° 00’ 77” E 
Driller: Flockhart AHD (m): ~275 
 
Depth (m) Sample Description and Drilling Comments Geology 
0-1 
1-2 
2-3 
3-4 
4-6 
6-6.6 
6.6-13 
 
13-17 
17-18 
18-20 
20-21 
shallow sand over clay 
yellow-brown sandy clay 
yellow-brown sandy clay to orange sand 
bright orange sandy clay 
pale orange to pinkish clay 
hardpan silcrete 
pale talcy clay, dry, size of quartz particles increasing 
with depth 
mica rich pale clay 
moist pale clay 
very pale yellow brown fine gritty clay 
10-15 mm weathered rock, mica-rich coarse sandy grits, 
grey-brown, moist….made water 
 
 
Bore Completion Details 
Depth Drilled (m): Water/Foam/Detergent Injected (m): 
Casing Total Length (m): Est. Watertable during Drilling (m): 
A.G.L. (m): Casing Installation: GOOD/OK/FORCED  
Screen Length (m): Estimated Yield: 
Material Screened: graded sand S.W.L. at Completion (m): 
Drill Method/ Bit Size (Diam. mm): RAB 100  
Casing Type and Diam (mm): PN9 40 First SWL (m):               on _/_/_ 
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Appendix 7:  Surface water report  
Western Australia has over 70 per cent of Australia’s reported dryland salinity making it one 
of the most important environmental issues to be tackled.  An integrated approach to 
catchment planning and management of water in the landscape is viewed as one of the 
most important aspects of salinity management.  Surface water management can play a 
significant role in Landcare.  Rising watertables in the wheatbelt will result in an increase in 
the area affected by waterlogging and salinity. To encourage the implementation of salinity 
and water management strategies Agriculture Western Australia elected to support farmer 
groups through the Focus Catchment process under the Salinity Action Plan.  Eight focus 
catchments were selected in the Lockhart catchment to help farmer groups to identify the 
major causes of land degradation.  South Yarding is one of the eight focus catchments.  
Surface water investigations 
The total area of the catchment is 29,151 hectares.  Average annual rainfall over the last 
five years is 304 mm.  The average growing season rainfall over the last five years is 241 
mm.  It is estimated that 30 per cent consists of shallow or deep duplex soils; about 20 per 
cent is heavy clay.  Most of these soils are prone to waterlogging and inundation.  During 
normal winter rainfall years, 11 per cent is affected by waterlogging.  A 1:20 year ARI 
(average recurrence interval) rainfall event occurring during winter may result in 
approximately 15-20 per cent of the catchment becoming waterlogged.  Due to extensive 
waterlogging and flooding risk, farmers are in favour of adopting land-conservation 
earthworks.  At present about 70 per cent of the upper and middle parts have been banked.  
The extensive treatment with earthworks has provided comparatively better surface water 
control than in most other focus catchments. 
To assess the surface water management problems, nine of the 15 properties were visited.  
A farm water survey was conducted with the results given in Table 9. 
The survey highlighted the following issues: 
⇒ Approximately 75% of the upper and middle catchment have extensive areas 
protected by soil conservation earthworks. These include grade banks, 
interceptor banks, level banks, dams, and shallow drains. The earthworks have 
not been constructed to a recognised engineering design, particularly the 
optimisation of bank spacing (Table 9); 
⇒ there are only traditional or three-walled dams in the catchment; 
⇒ 60% of dams are unreliable and with normal stocking rates this may result in 
water shortages in years with below-average rainfall; 
⇒ 14% of dams are severely or moderately leaking; 
⇒ 8% of dams are salty and a further 12% are at risk in short to medium term; 
⇒ lack of improved catchments to harvest the water has reduced the reliability of 
dams; 
⇒ harvesting of rainwater from available roof areas on farm buildings has not been 
optimised. 
 
SOUTH YARDING FOCUS CATCHMENT REPORT 
 59
Table 9: Farm water survey for South Yarding catchment 
Surname Barber Bolt Boyd Butler Crooks Curno
w 
Hunter Jacobs Smith 
First name Allan Philps Murray Chris Steven Brian Shane Bob Eric 
Total 
Farm area (ha) 1,418 600 1,840 404 1,079 3,024 720 404 4827 14,316 
Area cleared 
(ha) 
1,350 580 1,760 390 1,010 2,773 690 370 4515 13,438 
% of cleared 
area banked 
50 50 100 50 25 60 70 70   
Ave rainfall 
(mm) 
325 300 312 250 300 312 300 325 319 2,743 
Number of 
People 
0 2 4 5 4 4 0 0 6 25 
Crop spray 
KL/yr 
81.4 30 260 40 80 164 11 24 360 1,050 
Source  Bore Soak Bore Pipe Pipe pipe Bore Pipe Pipe  
Water carted 
(KL) 
0 0 0 0 0 0 0 0 0 0 
No. of dams 9 5 18 3 8 18 4 1 38 104 
Type of dams Traditional 
Capacity m3 10,260 11,600 45,000 3,800 20,500 31,000 7,700 1,000 87,000 217,860
Leaky dams 0 0 0 1 1 1 2 1 8 14 
Salty dams 0 0 0 0 0 1 0 0 7 8 
No. reliable 8 4 11 2 0 5 0 0 17 47 
Reason for 
failure 
 no run-
off 
Leak, 
dry 
Leak, 
run-off 
no run-
off 
no run-
off 
no run-off leak   
Bores 2 0 6 0 0 3 0 1 0 12 
Bore capacity 
(L/hr) 
1300 0 1900 0 0 93 0 1200 0 4493 
rainwater 
tanks 
2 2 1 1 0 7 0 0 4 17 
Capacity KL 16 45 252 18 0 155 0 0 134.5 620.5 
Potential 
rainwater 
storage 
 85 252 54 120 155 0 0 0 666 
The next two sections suggest some guidelines and management options to address the 
problems identified from the farm survey. 
Developing a surface water management plan  
At present 11% of the catchment is affected by waterlogging and flooding in an average 
year.  Between 15 and 20% can be affected during rainfall events with an ARI >20 years.  It 
is recommended that a surface water management plan be developed at both the farm and 
catchment scales.  The principles of a farm or catchment plan should be to: 
• improve water storage and use in the mid to upper catchment;  
SOUTH YARDING FOCUS CATCHMENT REPORT 
 60
• use or removal of excess annual rainfall; 
• reduce flooding risk and inundation; 
• reduce recharge; and 
• remove excess water from low-lying areas. 
Properly implemented a water management plan, can influence peak flows, run-off volume 
and the extent of flooding and waterlogging within a catchment or on a farm. This is 
achieved through:  
(1) optimisation of water storage in upper and middle parts of the catchment; 
(2) increase the time required for run-off to reach the outlet;  
(3)  promote appropriate design of earthworks to move water safely into the natural 
drainage system;  
(4) develop on-farm water resources; and 
(5) develop potential strategic off-farm water resources. 
The implementation of earthworks while reducing flood risk, inundation, and waterlogging 
should also minimise land degradation.  Improvement in land and water management is 
dependent on the extent and severity of the problem to be tackled and the effectiveness to 
which the earthworks are integrated with other catchment management alternatives such as 
re-vegetation and modified farming systems (Ali and Coles 1999).  
Rainfall is the major source of water within agricultural catchments.  Every rainfall event has 
different characteristics of temporal and spatial distribution, rainfall intensity and duration.  
Soil moisture storage, topography and vegetation cover are critical in assessing the 
catchment (run-off) response to a prescribed rainfall event.  For instance a 1 in 10-year 
rainfall event may generate a 1 in 10, 20 or 50-year average recurrence interval (ARI) run-
off event on the same catchment depending on the “wetness” of the catchment and the 
vegetation cover (Coles 1993).  Therefore it is imperative to describe both the rainfall and 
catchment characteristics in order to derive the run-off response.  The parameters of 
interest include rainfall intensity and duration; topography; catchment area; available 
storage (micro and macro); infiltration; evapotranspiration soil type and soil moisture deficit.  
The two main run-off generation mechanism that operate in small agricultural catchments in 
the wheatbelt have been identified as infiltration excess and saturation excess (Hauck and 
Coles 1991; Coles and Sivapalan 1991; Larsen et al. 1992; Coles 1993). 
Factors that influence these mechanisms are surface and subsurface storage, infiltration 
capacity, antecedent soil moisture (or wetness index), vegetation cover, farming systems 
and slope (Coles 1993).  The development of a surface water management plan should 
consider the relevant biophysical characteristics and relate them to rainfall events of 
particular interest.  For example, intensity and duration for 2, 5 and 10 year ARIs at the farm 
scale or 20, 50 and 100 year ARIs at catchment scale.  By modifying the vegetation, farming 
system, storage or earthworks it is possible to modify potential run-off generated for a given 
rainfall event.  In this way run-off peak flows and volumes are also modified. 
Guidelines to develop catchment water management plan 
Due to time constraint and availability of long term run-off data, a detailed water 
management plan has not been produced.  However, the next section suggests some 
guidelines to help to develop a plan for any of the following three objectives: 
1. Controlling waterlogging, inundation or flooding 
2. Selecting appropriate dam sites for storing water or sites for evaporation ponds in the 
landscape 
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3. Construction of roaded or improved catchments for water harvesting. 
Phase 1: Run-off management 
Farmers in the upper and middle catchment can design earthworks to manage water in the 
landscape either through collection and storage or by managing run-off generation through 
the use of earthworks to reduce the risk and incidence of waterlogging, inundation and 
flooding in the lower catchment.  A large proportion of the catchment is already banked.  
Table 10 indicates the appropriate earthworks for a given objective in different sections of 
the landscape. 
Table 10: Suggested earthworks to manage surface water in the landscape 
CATCHMENT 
OBJECTIVES 
UPPER  MIDDLE  LOWER 
To confine surface water to 
prevent flooding 
Levees and leveed 
waterway 
Levees and leveed 
waterway 
Levees and leveed 
waterway 
To divert and store surface 
water to control erosion, 
flooding, waterlogging 
Grade Bank Grade Bank - 
To minimise erosion, flooding 
and waterlogging 
- Broad-based bank Broad-based bank 
To remove flood waters - - W-drain 
To hold water where no safe 
disposal 
Absorption and 
Level Banks 
- - 
To remove flood waters - - Shallow relief drain 
To remove surface and 
subsurface water 
- - Open deep drain 
To remove surface water and 
sub surface seepage 
 Interceptor and 
reverse bank 
interceptor drains 
 
To store water - Dams - 
To store and evaporate 
subsurface drainage water 
-  Evaporation basin  
Table 11 describes design criteria for different types of earthworks.  The information can be 
used by the Focus Catchment Group to make decisions on water management designs for 
the South Yarding catchment. 
Table 11: Design Criteria for different conservation works 
Type of Conservation Work Design 
parameter 
Grade bank Absorption 
and Level 
Bank 
Interceptor and 
reverse 
interceptor drains 
W-drain Deep drains 
Landscape 
slope (%) 
Up to 10 Up to 10 Up to 6% Valley floor Valley floor -
Break of slope 
Spacing (m) 50-250 Need to 
design 
50-150 - Need to be 
designed 
Grade (%) -0.2-0.5 0 0.5-0.6 0.2 0.2 
Length (m) 800-1200 Need to 
design 
500 Site specific Site specific 
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Phase 2: Storage and selecting the right dam 
This is to assess the potential within the catchment to store water in dams, for on-farm 
water supplies, community water supplies or for winter release.  Assessment of the 
landscape and soils within the catchment is essential in determining the right site and dam 
type for that site.  Most farms visited during the survey had traditional dams.   
These dams store most of the water below the original ground level, and storage capacity is 
equal to the volume of soil excavated.  On sloping ground the excavated soil is placed in 
banks below and on either side of the excavation to give additional storage above ground.  
This type of dam is prone to siltation as heavy rains or thunderstorms generate high flows 
with the potential to carry large amounts of sediment that is deposited in the dams.  The 
open side of the dam exposes the stored water to prevailing winds resulting in more 
evaporation.  The traditional or three-walled dam is therefore less efficient in storing water 
than four-walled dams.  The following dam types are recommended (depending on site 
evaluation and purpose). 
• Four-walled dams 
A four-walled dam is fully enclosed with all walls raised above ground level.  A specially 
designed pipe inlet structure and silt pit is used to channel water safely into the dam.  Banks 
are extended from the front wall from the lowest point in the temporary storage to a safe 
delivery point.  This temporary storage reduces the entering velocity of water into the dam 
and allows the silt to settle.  The silt pit or trap can be cleaned as required.   
• Round dams 
Round dams are similar to four-walled dams in that they are fully enclosed with piped inlets.  
The dams are circular to reduce the exposed surface and reduce evaporation. 
• Flat batter dams 
A flat batter dam is a farm water supply system where the storage and catchments are 
combined.  This is achieved by building a circular dam with the excavated clay spread to 
provide a clay-covered catchment.  The excavation is filled to the clay level from an inlet 
pipe, then topped up by pumping water over the lip of the excavation.  Flat batter dams are 
effective where sufficient catchment is not available upslope from the dam to generate 
enough run-off to fill the dam.  They may be used successfully where salt watertables are 
near the surface.  The dams can be placed in upper catchment or a high point in the 
paddock, which enables water to be gravitated to the lower paddock. 
Selecting the right site 
A review of dams has indicated that approximately 34% have been poorly sited.  As a result 
14% are leaking and 8% are now saltine and it is estimated that further 12% may become 
salt-affected in the next decade (based on a groundwater rise of 15 cm/yr).  The following 
guidelines can be used to select dam sites.  
1. The undulating country between the major drainage lines is a mixture of yellow earth and 
siliceous sands; and is vegetated by low heath and small mallee eucalypts.  These are 
often referred to as yellow sandplain or deep sands.  Selection of reliable dam sites is 
difficult due to the low clay content and/or the depth of overburden. 
2. Lateritic podzolic soils are commonly referred to as sandy gravel and are often vegetated 
by low heath and small mallee eucalypts.  These soils usually occur high in the 
landscape in the catchment.  They are characterised by yellow or brown gravelly sand 
over mottled clay.  Dams in this soil would generally hold water.  Natural catchments 
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perform reasonably well, but should be augmented by well-compacted roaded 
catchments.  
3. The gentle slope of upper tributary valleys have areas of sodic soils characterised by 
sand over domed alkaline clay.  Typically they are vegetated by medium to tall mallee 
eucalypts.  Saline watertables are a limiting factor and dams are generally not 
recommended owing to the salt risk.   
4. Hard, red-surfaced soils or heavy soils typically fringe the major drainage lines on the 
broad valley floor.  This soil type is characterised by brown or red loam over alkaline clay 
subsoils, ranging in colour from yellow to red.  Stands of salmon gum and gimlet are 
common.  Farm dams and improved catchments generally perform well.  However, saline 
watertables near the surface can often limit dam sites.  Test drilling is highly 
recommended before excavating a dam in this part of the catchment. 
5. Distinctive soils on the rising country of salt lakes are solonised brown soils 
characterised by powdery grey or brown surfaces.  The soils are often very alkaline and 
calcareous.  Common vegetation stands of morrel, Kondinin blackbutt, saltbush and 
bluebush occur.  Farm dams here often leak and obtaining sufficient dam depth is often 
difficult.   
Phase 3: Constructing improved catchments 
Farm dams are considered reliable if they do not fail more than once in 10 years.  To 
improve reliability, improved catchment can be added to increase the run-off harvesting 
potential.  From the survey it is estimated that a major problem for 60% of farm dams is the 
lack of run-off from inefficient natural catchments.  Potentially reliable dams are wasted if 
the catchment performs poorly.  Farmland and uncleared land are generally the least 
reliable forms of catchment.  Dams relying on creek flow are also unreliable because they 
depend on irregular and unpredictable flood flow.  To improve reliability it is necessary to 
have areas of well-constructed roaded catchment with thresholds that yield run-off from low 
intensity rainfall events. 
Several recognised types of improved catchments can be considered depending on the 
situation.  They include roaded catchments, scraped catchments and diversion banks.  
Rock catchments are also very efficient, however, because they are often surrounded by 
highly permeable soils, harvesting of water usually requires construction of a small concrete 
structure to collect run-off.  Roaded catchments are the most cost effective way of ensuring 
reliability of farm dams.  They are best described as an area of clay-covered roads surveyed 
at grades that will maximise run-off without damaging the catchment surface.  During 
construction, compaction of the roaded surface will improve both performance and life of the 
roads.  
• Compaction  
A well-compacted smooth surface will have a low threshold and improve performance of 
farm dams and provide drought-proof water supplies.  The best time to construct 
catchments is in spring and autumn when soil moisture is optimum.  Winter conditions are 
often too wet to adequately support machinery and provide good traction, while summer 
soils are usually too dry and difficult to compact.  
Compaction is achieved by rolling with a multi-tyred roller that can compact irregular 
surfaces with a wide range of soil moisture conditions. 
• Maintenance  
Roaded catchments need regular maintenance to ensure that they maintain low thresholds 
for run-off.  Minimal maintenance is required in the first years, but eventually weeds invade 
areas where sand and silt have deposited.  This can be removed using a front-end loader 
and the surface then restored with a road grader.  Plant growth can significantly reduce run-
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off by breaking up the compacted surface, slowing the movement of water and increasing 
infiltration.  Weeds should be controlled using herbicides, except where the dam is used for 
either domestic water or aquaculture. 
Site specific advice 
An assessment was made of specific water management problems during October-
November 1999.  The following sites on different properties were assessed.   
CJ & JL Butler (Chris and Trudy) 
Total property is 404 ha with 390 ha cleared.  Average annual rainfall is 250 mm, which is 
about 60 mm less than other properties in the catchment.  Therefore the natural catchments 
on this property generate less run-off.  There are 3 dams with 3,820 cubic metres of water 
storage capacity.  The following sites were visited: 
Site 1: Dam has roaded catchment that has been poorly maintained and designed and is 
inadequate for the size. Does not generate enough run-off to fill in an average year.  
Management option: Damcat computer model indicates that the roaded catchment size 
should be 2 ha for 500 DSE in an area with 250 mm average annual rainfall. 
Cost: Estimated cost of construction of new roaded catchment would be in the order of 
$1000-1500-per hectare depending on contractor and difficulty of construction. 
Site 2: This is severely waterlogged.  The cause is run-off accumulation from the mid-upper 
catchment onto an area of poorly drained shallow duplex soils.  The water remains at the 
surface for relatively long periods resulting in crop losses.  
Management options: A grassed waterway from this low depression into the local 
drainage line will transfer water into the natural creek.  Another option might be to construct 
a W-drain or interceptor drain in the upper catchment to capture the run-off and prevent it 
from reaching the lower valley floor. 
Cost: Grassed waterway is about $1100-1400/km; W-drains about $1000-1200/km and 
interceptor banks about $800-1000/km depending upon the depth and length of the 
constructed earthwork.  
Site 3: Similar problem to Site 2. The same type of earthworks may be carried out. 
Cost: As above. 
Site 4: A waterlogged and salt-affected area near salt lakes on the valley floor.  Earthworks 
will not have significant impact on managing waterlogging and salinity.  It may be useful to 
investigate raised beds, or halophytes and fencing, or a spoon drain and levee system that 
may be used to channel water from annual rainfall into a ‘sacrifice’ area.  
Ron Crooks & Co. (Steven and Kelly) 
This farm covers 800 ha, of which 760 ha are cleared.  Only 300 ha are within South 
Yarding catchment.  Most of the farm consists of sandplain with limited run-off potential.  
There are four dams with 9,600 cubic metres of storage.  The sandy natural catchments do 
not generate enough run-off in average rainfall years to maintain reliability.  Farmer wants to 
construct roaded catchments and a new dam.  
Site 1: There is a dam with 2,200 cubic yard capacity with no improved catchment. To 
supply 500 DSE with average annual rainfall of 320 mm, a roaded catchment of 
approximately 1.75 ha is recommended (Damcat II computer model). 
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Cost: The cost of one hectare of roaded catchment varies from $1200-$1800. 
Site 2: The owner sought advice on selecting the site for a 3,000 cubic metre dam.  The site 
should be investigated as described in Section 2. At 500 DSE, 3 ha of roaded catchment is 
required. 
Cost: Construction of dam and roaded catchment would cost between $4500 and $6600. 
In addition to site assessment, two case studies are included as examples of surface water 
management planning.  They were instigated at South East Humps and South Lake Bryde 
Focus Catchments, also part of the Lockhart Catchment, which may enable the results 
obtained to be transferred to other sub-catchments in the Lockhart.  
CASE STUDY 1 
The following study was adapted from a paper ‘Application of Surface Water Management 
Strategies For Landcare’ presented by Ali and Coles at 1999 State Landcare Conference. 
The objective is to demonstrate that if properly implemented, a surface water management 
plan could provide more water for farming business, reduce waterlogging, reduce flood risk 
and impact on salinity.  
Site description 
The study was on Vern Mouritz’s farm in the South East Humps Focus Catchment, 19 km 
east of Hyden along the Hyden-Norseman Road.  The catchment covers 18 kilometres from 
the Lake Chain in the south, to the catchment divide in the north, and 14 km from the 
ridgelines at the eastern and western edges.  Total area is approximately 12,600 ha.  The 
area owned by the Catchment Group members is 14,750 ha.  
Methodology 
A run-off engineering design model XP-RAFTS (WP Software 1995) was chosen to develop 
a SWaMP for the farm property.  The model was chosen because of its relative simplicity,  
applicability to rural catchments, and ability to model changes in run-off peaks and volumes 
resulting from the construction of conservation earthworks, storage and vegetation changes.  
The model is capable of processing either event or continuous rainfall data using rainfall 
inputs from historic or design events.  A feature is its GIS capability, which enables the use 
of a digital construct of the catchment as a backdrop to develop a sub-catchment network.  
The sub-catchments are linked by nodes or confluences to the main catchment outlet.  The 
model is then able to simulate run-off hydrographs for defined points for a set of specified 
rainfall events using Laurenson’s non-linear run-off routing method (LRRM). 
SWaMP modelling 
The farm was divided into several sub-catchments that were used to model the impact of 
grade banks and dams on run-off.  Each sub-catchment was linked to those downstream so 
that total run-off could be calculated for each scenario.  A confluence was created where 
two or more catchments were linked together.  The farm was divided into seven sub-
catchments, four confluences and one outlet.  Twelve links were used to join the sub-
catchments and confluence to the outlet.  
Of the 2,578 ha of Mr Mourtiz’s farm within the catchment only 1625 hectares (63%) was 
suitable for construction of grade banks and dams because of low gradients and soil types.  
The total length of the grade banks required was estimated 65 km and the volume of water 
stored in dams was assumed to be 81,250 cubic metres.  Three scenarios were modelled: 
Scenario 1 (S1): Pre-clearing situation - whole farm in native vegetation 
Scenario 2 (S2): Current situation: whole farm cleared and used for agricultural production 
Scenario 3 (S3): SWaMP strategy - whole farm surface water management plan  
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Total run-off volumes and peak flows for each scenario and rainfall average recurrence 
interval are given in Table 12.  
Table 12:  Comparative run-off volumes and peak flows for each management scenario 
 Run-off volume (m3) Peak flood flow (m3/s) 
Scenario ARI (years) ARI (years) 
 10 50 100 10 50 100 
S1 82,000 232,000 302,000 0.31 2.84 4.23 
S2 215,000 301,000 380,000 2.22 11.43 15.98 
S3 55,000 247,000 322,000 0.40 3.87 5.69 
Conclusions 
The effectiveness of the surface water management plan was assessed by comparing the 
variation in the run-off volume and peak flood flow at the outlet for the three-modelled 
scenarios.  In comparison to the modelled pre-clearing catchment (S1), the cleared 
catchment peak flows have increased by a factor of 7.2, 4.0 and 3.77 for the respective 10, 
50 and 100 year ARI rainfall intensities.  For the same catchment, but with the SWaMP in 
place, the peak flow increases by a factor of 1.2, 1.03 and 1.34 for the same rainfall events.  
This suggests that there has been l significant increase in run-off after clearing of the native 
vegetation for large storm events (i.e. >1:10).  
Of particular interest are the 1:10 ARIs events that indicate that for Scenario 2, volumes 
have increased by a factor of 2.6, but actually decreased by 33% (or a factor of 0.67) for 
Scenario 3.  While it is obvious the introduction of dams will have an initial effect on the run-
off volume, their influence is reduced for successive events once the dams or detention 
storage begin to fill.  However, it does illustrate that through the integration of earthwork 
design and vegetation the run-off characteristics on a catchment can be significantly 
modified.  Model results, based on S3, but with full dams indicate that volumes would still be 
reduced by approximately 14% when compared to the pre-clearing state (S1). 
By comparing the 10 year ARI run-off volume and peak flows it can be concluded that the 
catchment under the surface water management plan was able to simulate the run-off 
behavioral characteristics of the pre-clearing catchment, through the use of water 
harvesting, increased storage and evaporation and simple re-vegetation strategies 
CASE STUDY 2 
The objective is to demonstrate the impact of combining earthworks and revegetation on 
run-off volume and peak flood flows. 
Site description 
Lake Bryde catchment is part of chain of lakes approximately 320 km south-east of Perth 
and 35 km south-west of Newdegate.  Lake Bryde has an area of 39,000 ha and is at the 
top of the Lockhart sub-catchment of the Swan-Avon System. 
Methodology 
Surface water management strategies in conjunction with other management options (e.g. 
trees, alternative farming systems) form a vital part of the catchment planning process.  
Comparison of different surface water management plan for Lake Bryde Focus Catchment 
Group was made to determine the best management option.  In the preliminary planning 
phase the catchment is divided into the upper, middle and lower segments to assess 
different management options for each part of the landscape.  Peak flow and run-off 
volumes are estimated for the catchment and sub-catchments.  On the basis of these 
calculations, conservation earthwork and water harvesting designs (e.g. banks, W-drain, 
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interceptors, dams etc.) are proposed as part of an integrated approach to surface water 
management. 
The main objective of the conservation earthworks is to address the catchment water 
balance and reduce recharge, and the rate of salinity expansion in the lower catchment.  
This case study describes how surface water management can modify the run-off 
generation potential of catchments and how this influences the incidence and duration of 
waterlogging. Different management scenarios selected for Lake Bryde catchment are 
described in Table 13. 
Table 13. Five different scenarios and descriptions 
Scenario Description 
S1 Existing Catchment 
S2 Whole Catchment with Graded banks 
S3 Whole Catchment with Graded Banks and Dams 
S4 Whole Catchment with Graded banks (Lower half) and Level Banks in heavy clay (upper half) 
S5 Whole Catchment with Alley farming (20%), Rest with Banks and Dams 
 
Modelling of different scenarios 
XP-RAFTS computer model was used to analyse the impact of each scenario on run-off 
peak flows and volumes. This indicated that the best option for surface water management 
is the adoption of Scenario 5.  If alley farming is used in combination with graded banks and 
dams then peak flood flow could be reduced by 80% (assuming dams are empty). 
If grade banks are used as in Scenario 2 it is estimated that 20% reduction in the peak flood 
flow could be achieved.  If dams are included then a 40% reduction in peak flood flow may 
be achieved.  A 50% reduction may be achieved by using graded or level banks in the 
upper catchment and grade banks in the lower half. 
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